
(19) J  

(12) 

~ ™   Mil  II  II  II  II  II  I  Ml  MM  III  II  Ml 
European  Patent  Office 

Office  europeen  des  brevets  (11)  E P   0  6 9 6   4 9 7   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

(43)  Date  of  publication:  (51)  int.  CI.6:  B25J  7/00,  B25J  15/02,  
14.02.1996  Bulletin  1996/07  B 2 5 J 9 / 1 2  

(21)  Application  number:  95103418.0 

(22)  Date  of  filing:  09.03.1995 

(84)  Designated  Contracting  States:  (71)  Applicant:  NIKON  CORPORATION 
DEGB  Tokyo  100  (JP) 

(30)  Priority:  12.08.1994  JP  190625/94  (72)  Inventor:  Suzuki,  Yoshihiko 
15.11.1994  JP  280143/94  Funabashi-shi,  Chiba-ken  (JP) 
13.01.1995  JP  21207/95 

(74)  Representative:  Lehn,  Werner,  Dipl.-lng.  et  al 
D-81925  Munchen  (DE) 

(54)  Micro  gripper 

(57)  A  micro  gripper  of  the  present  invention  com- 
prises  two  fingers  (4)  and  a  support  member  (5)  for  sup- 
porting  the  two  fingers  as  opposed  to  each  other  at  an 
interval,  wherein  each  of  the  two  fingers  is  provided  with 
a  metal  plate  (1).  Further,  if  each  finger  is  provided  with 

a  resistor  instead  of  the  metal  plate  and  if  a  resistance 
of  the  resistor  changing  depending  upon  deflection  of  fin- 
ger  is  detected,  the  gripped  state  etc.  can  also  be 
detected  from  a  change  in  the  resistance. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention  5 

The  present  invention  relates  to  a  micro  gripper  that 
is  intended  to  grip  a  micro  object  such  as  a  micro 
mechanical  component,  an  organism,  etc. 

11 
Related  Background  Art 

With  progress  in  the  semiconductor  fabrication  tech- 
nology,  it  becomes  possible  to  obtain  small  mechanical 
elements  or  small  machines  such  as  gears,  electrostatic  n 
motors,  micro  pumps,  etc.,  using  the  technology.  The 
inventors  disclosed  a  micro  gripper  capable  of  obtaining 
a  great  drive  displacement  with  low-voltage  drive  using 
the  semiconductor  fabrication  technology  in  Japanese 
Laid-open  Patent  Application  No.  5-253870,  and  have  2t 
been  using  it  for  fine  work  such  as  gripping,  moving, 
assembling,  cell  fusion,  etc.  of  a  protist  or  a  fine  mechan- 
ical  element  under  a  microscope.  This  micro  gripper  is 
so  arranged  that  flexible  plates  each  having  a  metal  coil 
are  provided  as  fingers,  which  are  set  under  an  external  21 
magnetic  field,  and  an  electric  current  is  supplied 
through  the  each  coil  of  finger  to  effect  opening/closing 
of  the  flexible  plates  or  fingers  with  a  Lorentz  force  gen- 
erated  thereby.  In  actual  work,  the  micro  gripper  is  set  at 
a  distal  end  of  a  three-dimensional,  hydraulically  oper-  3< 
ated  manipulator,  a  finger  drive  master  input  apparatus 
driven  by  finger  of  a  man  (operator)  is  connected  to  a 
master  input  apparatus  Qoy  stick)  of  the  hydraulically 
operated  manipulator,  and  the  operator  performs  the 
operation  while  observing  a  gripped  object  and  the  two  3; 
fingers  of  the  micro  gripper  under  the  microscope  or  on 
a  television  monitor  showing  a  microscopic  image 
thereof. 

The  conventional  technology  was  the  breakthrough 
and  effective  invention,  but  it  was  unable  to  be  applied  4t 
to  cases  that  the  object  to  be  gripped  by  the  micro  gripper 
is  a  magnetic  body,  because  the  magnetic  field  needs  to 
be  applied  to  the  flexible  fingers. 

SUMMARY  OF  THE  INVENTION  * 

The  present  invention  has  been  accomplished 
under  such  circumstances,  and  an  object  of  the  invention 
is  to  provide  a  micro  gripper  having  such  a  feature  that 
it  can  grip  a  gripped  object  that  should  not  be  exposed  st 
to  the  magnetic  field,  such  as  a  magnetic  body,  and  a 
variety  of  other  features. 

If  each  of  two  fingers  is  provided  with  a  metal  plate 
and  if  an  electric  capacity  (capacitance)  is  detected 
between  the  metal  plates,  a  gripping  state  etc.  can  be  st 
detected  by  a  change  in  the  capacitance.  Thus,  it  can  be 
accurately  judged  whether  or  not  the  gripped  object  is 
gripped. 

A  micro  gripper  of  the  present  invention  comprises 
two  fingers  and  a  support  member  for  supporting  the  two 
fingers  as  opposed  to  each  other  at  an  interval,  wherein 
each  of  the  two  fingers  is  provided  with  a  metal  plate. 

Further,  if  each  finger  is  provided  with  a  resistor 
instead  of  the  metal  plate  and  if  a  resistance  of  the  resis- 
tor  changing  depending  upon  deflection  of  finger  is 
detected,  the  gripped  state  etc.  can  also  be  detected 
from  a  change  in  the  resistance.  Thus,  another  micro 
gripper  of  the  present  invention  comprises  two  fingers 
and  a  support  member  for  supporting  the  two  fingers  as 
opposed  to  each  other  at  an  interval,  wherein  the  two 
fingers  are  two  flexible  fingers  and  at  least  one  of  the  two 
flexible  fingers  is  provided  with  a  resistor. 

Preferably,  the  at  least  one  of  the  two  fingers  is  pro- 
vided  with  a  concave  or  convex  capture  holding  portion 
for  capturing  the  gripped  object. 

A  micro  gripper  drive  apparatus  of  the  present  inven- 
tion  comprises  the  micro  gripper,  moving  means  for  mov- 
ing  the  micro  gripper,  opening/closing  means  for  opening 
and  closing  the  two  fingers,  and  detecting  means  for 
detecting  the  capacitance  between  the  metal  plates. 

Another  micro  gripper  drive  apparatus  of  the  present 
invention  comprises  the  micro  gripper,  moving  means  for 
moving  the  micro  gripper,  opening/closing  means  for 
opening  and  closing  the  two  fingers,  and  detecting 
means  for  detecting  the  resistance  of  the  resistor. 

The  micro  gripper  drive  apparatus  of  the  present 
invention  may  comprise  drive  signal  control  means  for 
changing  a  drive  signal  of  the  micro  gripper,  depending 
upon  the  capacitance  between  the  metal  plates. 

The  micro  gripper  drive  apparatus  of  the  present 
invention  may  comprise  drive  signal  control  means  for 
changing  the  drive  signal  of  the  micro  gripper,  depending 
upon  the  resistance  of  the  resistor. 

Incidentally,  opening/closing  of  flexible  finger  can  be 
effected  when  it  is  formed  of  thin  films  in  at  least  two  lay- 
ers  different  in  thermal  expansion  coefficient  and  when 
heat  is  applied  to  the  flexible  finger. 

Thus,  another  micro  gripper  of  the  present  invention 
comprises  flexible  fingers  each  consisting  of  thin  films  in 
at  least  two  layers  different  in  thermal  expansion  coeffi- 
cient,  and  a  support  member  for  supporting  the  flexible 
fingers. 

Preferably,  the  micro  gripper  is  provided  with  a  heat- 
ing  device  for  applying  the  heat  to  the  flexible  fingers. 

Still  another  micro  gripper  of  the  present  invention 
comprises  two  flexible  fingers,  a  support  member  for 
supporting  the  two  flexible  fingers  as  opposed  to  each 
other  at  an  interval,  and  opening/closing  drive  means  for 
opening  and  closing  the  flexible  fingers,  wherein  a  probe 
of  a  conductor  is  provided  at  the  distal  end  of  flexible  fin- 
ger. 

The  probe  is  preferably  constructed  of  an  insulator 
and  a  conductor  exposed  only  at  the  top  part  of  the  insu- 
lator.  In  this  case,  the  insulator  is  preferably  silicon  nitride 
and  the  conductor  is  preferably  a  metal. 

The  opening/closing  drive  means  is  preferably  a 
micro  coil  formed  in  each  of  the  two  flexible  fingers. 
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Alternatively,  the  opening/closing  drive  means  pref- 
erably  consists  of  at  least  two  metal  layers  provided  in 
each  of  the  two  flexible  fingers  and  the  at  least  two  metal 
layers  preferably  have  different  thermal  expansion  coef- 
ficients. 

Another  micro  gripper  of  the  present  invention  com- 
prises  a  support  member,  a  pair  of  flexible  plates  sup- 
ported  by  the  support  member  at  one  end  thereof,  and 
opening/closing  means  for  opening  and  closing  the  pair 
of  flexible  plates,  wherein  a  thermocouple  is  provided  in 
a  region  for  gripping  the  gripped  object,  of  at  least  one 
of  the  pair  of  flexible  plates. 

In  the  micro  gripper  of  the  present  invention,  when 
an  electric  current  flows  through  the  coil  layer  in  the  each 
flexible  plate  under  the  magnetic  field,  the  coil  layer  is 
subject  to  a  Lorentz  force  because  of  the  magnetic  field, 
thereby  deforming  the  flexible  plate.  Since  the  thermo- 
couple  is  provided  in  the  region  at  the  distal  end  of  the 
flexible  plate,  the  temperature  can  be  measured  at  the 
same  time  that  the  gripped  object  is  gripped. 

As  well  known,  the  thermocouple  is  constructed  by 
bonding  two  different  types  of  conductors  (mainly  met- 
als)  at  portions  thereof,  and  different  electromotive 
forces  appear  in  the  respective  conductors  depending 
upon  the  temperature  at  the  contact  (the  Seebeck  effect). 

Another  micro  gripper  of  the  present  invention  com- 
prises  a  support  member,  a  pair  of  fingers  supported  by 
the  support  member  at  one  end  thereof,  and  open- 
ing/closing  means  for  opening  and  closing  the  pair  of  fin- 
gers,  which  is  provided  with  a  heat  resistor  for  heating  at 
least  a  part  of  a  region  for  gripping  the  gripped  object,  of 
at  least  one  of  the  pair  of  fingers. 

The  thermocouple  may  be  provided  at  a  portion  that 
is  not  heated  by  the  heat  resistor  and  that  is  at  least  a 
part  of  the  region  for  gripping  the  gripped  object,  of  the 
at  least  one  of  the  pair  of  fingers. 

The  heat  resistor  and  thermocouple  are  preferably 
set  on  a  same  finger. 

The  region  where  the  fingers  grip  the  gripped  object 
may  have  a  convex  portion  or  a  concave  portion,  and  the 
heat  resistor  may  heat  the  convex  portion  or  the  concave 
portion. 

Further,  the  region  where  the  fingers  grip  the  gripped 
object  may  have  a  flat  portion,  and  the  heat  resistor  may 
heat  the  flat  portion. 

The  present  invention  will  become  more  fully  under- 
stood  from  the  detailed  description  given  hereinbelow 
and  the  accompanying  drawings  which  are  given  by  way 
of  illustration  only,  and  thus  are  not  to  be  considered  as 
limiting  the  present  invention. 

Further  scope  of  applicability  of  the  present  inven- 
tion  will  become  apparent  from  the  detailed  description 
given  hereinafter.  However,  it  should  be  understood  that 
the  detailed  description  and  specific  examples,  while 
indicating  preferred  embodiments  of  the  invention,  are 
given  by  way  of  illustration  only,  since  various  changes 
and  modifications  within  the  spirit  and  scope  of  the  inven- 
tion  will  become  apparent  to  those  skilled  in  the  art  from 
this  detailed  description. 

DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic,  perspective  view  of  a  micro 
gripper  according  to  Embodiment  1  of  the  present 

5  invention; 
Fig.  2  is  a  drive  device  of  micro  gripper  according  to 
Embodiment  2  of  the  present  invention; 
Fig.  3  is  a  cross-sectional  view  of  a  micro  gripper 
according  to  Embodiment  3  of  the  present  invention; 

10  Fig.  4  is  a  schematic,  perspective  view  to  show  the 
micro  gripper  according  to  Embodiment  3  of  the 
present  invention; 
Fig.  5  and  Fig.  6  are  a  schematic,  perspective  view 
and  a  schematic  cross  section  to  show  a  micro  grip- 

15  per  according  to  Embodiment  4  of  the  present  inven- 
tion; 
Figs  7A  to  7E  are  drawings  to  show  steps  for  pro- 
ducing  the  micro  gripper  according  to  Embodiment 
4  of  the  present  invention; 

20  Fig.  8  is  a  schematic  cross  section  to  show  a  micro 
gripper  according  to  Embodiment  5  of  the  present 
invention; 
Fig.  9A  to  9F  are  drawings  to  show  steps  for  produc- 
ing  the  micro  gripper  according  to  Embodiment  5  of 

25  the  present  invention; 
Fig.  10  is  a  schematic,  perspective  view  to  show  a 
micro  gripper  according  to  Embodiment  6  of  the 
present  invention; 
Figs.  1  1  A  to  1  1  E  are  schematic  cross  sections  to 

30  illustrate  procedures  for  producing  the  micro  gripper 
according  to  Embodiment  6  of  the  present  invention; 
Fig.  12  is  a  schematic  plan  view  of  a  micro  gripper 
according  to  Embodiment  7  of  the  present  invention; 
Fig.  13  is  a  schematic  cross  section  along  B-B  line 

35  in  Fig.  12; 
Figs.  1  4A  to  1  4D  are  schematic  cross  sections  to 
show  an  example  of  steps  for  producing  the  micro 
gripper  shown  in  Figs.  12  and  13; 
Figs.  1  5A  to  1  5D  are  schematic  cross  sections  to 

40  show  steps  for  producing  a  finger  body  used  for  con- 
structing  a  micro  gripper  according  to  Embodiment 
8; 
Figs.  1  6A  to  1  6D  are  schematic  cross  sections  to 
show  steps  for  producing  a  finger  body  used  for  con- 

45  structing  a  micro  gripper  according  to  Embodiment 
9; 
Fig.  1  7  is  a  schematic  plan  view  of  af  inger  body  used 
for  constructing  a  micro  gripper  according  to  Embod- 
iment  10; 

so  Fig.  18  is  a  schematic  cross  section  along  C-C  line 
in  Fig.  17; 
Figs.  1  9A  and  1  9B  are  schematic  cross  sections  to 
show  an  example  of  steps  for  producing  the  finger 
body  shown  in  Figs.  17  and  18; 

55  Fig.  20  is  a  schematic  plan  view  of  af  inger  body  used 
for  constructing  a  micro  gripper  according  to  Embod- 
iment  1  1  ; 
Fig.  21  is  a  schematic  cross  section  along  D-D  line 
in  Fig.  20;  and 
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Figs.  22A  to  22C  are  schematic  cross  sections  to 
show  an  example  of  steps  for  producing  the  finger 
body  shown  in  Figs.  20  and  21  . 

DESCRIPTION  OF  THE  PREFERRED  EMBODI-  s 
MENTS 

The  embodiments  of  the  present  invention  will  be 
described  with  reference  to  the  accompanying  drawings. 

A  plurality  of  projections  or  depressions  (a  holding  w 
portion  for  capture)  are  provided  at  distal  ends  of  two  fin- 
gers,  whereby  the  gripped  object  (fine  body)  gripped 
thereby  becomes  unlikely  to  slip. 

The  capacitance  is  detected  between  a  pair  of  metal 
plates  provided  in  the  two  respective  fingers  of  the  micro  is 
grip,  whereby  a  space  between  the  two  fingers  or  a  state 
of  the  gripped  object  (fine  body)  relative  to  the  fingers 
(gripped  state)  can  be  detected.  This  is  because  the 
capacitance  between  the  metal  plates  is  proportional  to 
an  area  of  the  metal  plates  and  a  dielectric  constant  of  20 
a  medium  in  which  the  micro  gripper  is  placed  (a  medium 
between  the  metal  plates),  but  inversely  proportional  to 
the  distance  d  between  the  metal  plates,  i.e.,  the  space 
between  the  two  fingers. 

Further,  drive  signals  of  the  fingers  can  be  changed  25 
according  to  the  capacitance  (signal)  changing  depend- 
ing  upon  an  open/close  state  of  the  fingers. 

For  example,  as  the  capacitance  (signal)  becomes 
larger  (namely,  as  the  two  fingers  approach  each  other), 
an  amplification  factor  of  the  drive  signals  can  be  set  30 
smaller.  This  can  prevent  an  excessively  large  drive  sig- 
nal  from  being  supplied  to  the  micro  gripper,  even  if  a 
man  (operator)  excessively  gives  a  close  signal  (a  signal 
to  close  the  two  fingers).  Therefore,  the  two  fingers  can 
be  prevented  from  colliding  with  each  other  hard  and  35 
from  gripping  the  gripped  object  (fine  body)  with  a  too 
strong  force. 

Also,  depending  upon  the  magnitude  of  the  capaci- 
tance  (signal),  voice  (for  example,  buzzer  sound  etc.)  can 
be  generated  as  changing  the  frequency,  the  amplitude,  40 
or  both  the  frequency  and  the  amplitude.  By  this  arrange- 
ment,  the  gripping  work  can  be  done  while  listening  to 
the  sound  depending  upon  the  open/close  state  of  the 
fingers  of  the  micro  gripper,  which  can  realize  the  work 
with  realism  and  which  permits  the  operator  to  judge  45 
whether  or  not  the  gripper  accurately  grips  the  gripped 
object  (fine  body). 

Further,  depending  upon  the  magnitude  of  the 
capacitance  (signal),  a  reactive  force  can  be  produced 
in  the  opening/closing  input  apparatus  operated  by  the  so 
man  (operator).  This  opening/closing  input  apparatus  is 
for  opening  and  closing  the  fingers.  The  reactive  force 
can  be  generated  by  changing  the  frictional  resistance 
against  an  open/close  action  of  the  opening/closing  input 
apparatus,  using  a  reactive  force  generator  such  as  an  55 
electromagnetic  brake  or  a  wire  brake,  etc.  For  example, 
as  the  fingers  grip  the  gripped  object  (fine  body)  with  a 
stronger  force,  a  greater  reaction  force  can  be  generated 
in  the  opening/closing  input  apparatus  operated  by  the 

man  (operator)  .  This  permits  the  man  to  feel  as  if  the  man 
is  directly  gripping  the  gripped  body  of  micron  order, 
which  enables  the  work  full  of  realism,  which  has  never 
been  realized  heretofore,  and  which  permits  the  operator 
to  judge  whether  or  not  the  gripped  object  (fine  body)  is 
accurately  gripped. 

If  the  fingers  are  flexible  fingers,  the  metal  plates 
may  be  replaced  by  resistors  and  the  resistance  thereof 
changing  depending  upon  deflection  of  the  flexible  fin- 
gers  can  be  detected,  achieving  the  same  effect  as  in  the 
case  of  using  the  capacitance. 

Embodiment  1 

The  fingers  of  the  micro  gripper  shown  in  Japanese 
Laid-open  Patent  Application  No.  5-253870  as  described 
previously  are  two  flexible  fingers  each  being  a  flexible 
plate  provided  with  a  metal  coil.  When  the  two  flexible 
fingers  are  placed  under  an  external  magnetic  field  and 
when  an  electric  current  is  let  to  flow  through  the  metal 
coils  in  the  flexible  fingers,  the  flexible  fingers  are  subject 
to  the  Lorentz  force  to  be  deflected.  The  two  flexible  fin- 
gers  become  open  and  close  by  this  deflection  to  grip  a 
fine  body  etc.  (gripped  object).  Embodiment  1  is  an  appli- 
cation  in  which  the  present  invention  is  applied  to  this 
micro  gripper. 

Fig.  1  is  a  schematic,  perspective  view  of  the  micro 
gripper  according  to  Embodiment  1  of  the  present  inven- 
tion. 

A  metal  coil  2  and  a  metal  plate  3  are  provided  on  a 
flexible  plate  1  projecting  from  a  support  member  5,  so 
that  a  flexible  finger  4  is  composed  of  the  flexible  plate 
1  ,  metal  coil  2,  and  metal  plate  3.  The  metal  coil  2  is  pro- 
vided  for  opening  and  closing  the  flexible  finger  4  (as 
opening/closing  means),  but  if  another  type  of  open- 
ing/closing  means  is  used,  this  metal  coil  2  can  be  omit- 
ted. 

The  metal  coil  2  is  formed  along  the  periphery  of  the 
flexible  plate  1  .  Also,  the  metal  coil  2  is  electrically  con- 
nected  to  drive  signal  electrodes  not  shown  through  drive 
signal  lines  9. 

The  metal  plate  3  is  connected  to  a  capacitance 
detecting  electrode  6  through  a  capacitance  detection 
signal  line  8. 

The  metal  coil  2,  metal  plate  3,  capacitance  detect- 
ing  electrode  6,  capacitance  detection  signal  line  8,  and 
drive  signal  lines  9  are  formed  on  each  of  the  both  out- 
side  surfaces  of  the  micro  gripper.  The  drive  signal  elec- 
trodes  not  shown  and  capacitance  detecting  electrode  6 
are  connected  to  an  external  drive  power  supply  and  a 
capacitance  sensor,  using  metal  wires. 

A  plurality  of  projections  7  (holding  portion  for  cap- 
ture)  are  formed  at  the  distal  end  of  the  flexible  plate  1 
so  as  not  to  be  slippery  when  the  gripped  object  (fine 
body)  is  gripped.  This  plurality  of  projections  7  (holding 
portion  for  capture)  can  be  formed  in  a  shape  matching 
with  the  gripped  object  (fine  body).  The  plurality  of  pro- 
jections  7  (holding  portion  for  capture)  may  be  omitted. 
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In  the  next  place,  a  method  for  producing  the  micro 
gripper  is  described. 

In  this  embodiment,  the  flexible  plate  1  is  formed  of 
a  silicon  nitride  film  and  the  support  member  5  of  silicon. 

The  silicon  nitride  film  is  formed  in  the  thickness  of  s 
250  nm  from  raw  materials  of  dichlorosilane  and  ammo- 
nium  gas  by  the  low  pressure  vapor  phase  growth 
method  on  an  n-type  silicon  substrate  of  the  diameter  of 
3  inches,  the  thickness  of  250  nm,  and  the  (100)  orien- 
tation.  1t 

Next,  the  silicon  nitride  film  on  the  substrate  is  par- 
tially  removed  by  the  photolithography  process  and  dry 
etching  process  in  order  to  form  the  capture  holding  por- 
tion  in  the  flexible  finger  4.  Five  to  fifteen  projections  are 
intended  to  be  produced  at  the  distal  end  of  finger  each  n 
in  a  shape  about  5  nm  to  about  10  nm  square  after 
removal.  The  shape,  size,  and  number  of  these  projec- 
tions  can  be  arbitrarily  determined  so  as  to  match  with 
an  object  to  be  gripped.  After  that,  this  substrate  is 
immersed  in  an  etchant  of  silicon,  such  as  a  potassium  2t 
hydroxide  (hereinafter  referred  to  as  KOH)  solution  or  a 
tetramethyl  ammonium  hydroxide  (hereinafter  referred  to 
as  TMAH)  solution,  to  etch  exposed  silicon  portions  in  a 
quadrangular  pyramid  shape,  thereby  forming  a  plurality 
of  recesses.  Then  a  silicon  nitride  film  is  again  formed  in  21 
the  thickness  of  250  nm  over  the  entire  surface  of  sub- 
strate  by  the  low  pressure  vapor  phase  growth  method. 
The  silicon  nitride  film  has  projections  corresponding  to 
the  portions  of  recesses  of  silicon.  In  this  manner,  the 
capture  holding  portion  (projections  7)  is  formed  in  a  con-  3t 
vex  shape  on  the  flexible  plate  1.  Using  the  same 
method,  the  capture  holding  portion  may  also  be  formed 
in  a  concave  shape. 

This  substrate  is  subjected  to  the  dry  etching  proc- 
ess  with  a  resistf  ilm  as  a  protective  layer  so  as  to  remove  3; 
unnecessary  portions  of  the  silicon  nitride  film,  thus 
forming  the  flexible  finger  4  in  a  hollow  shape  in  length 
of  600  nm  and  in  width  of  1  20  nm.  In  this  case,  the  shape 
of  the  flexible  finger  4  does  not  have  to  be  the  hollow 
shape,  but  can  be  any  arbitrary  shape.  4t 

Next,  metal  patterns  are  formed  in  portions  corre- 
sponding  to  the  metal  plate  3,  coil  2,  drive  signal  line  4, 
capacitance  detection  signal  line  8,  capacitance  detec- 
tion  electrode  6,  and  unrepresented  drive  signal  elec- 
trodes.  4t 

First,  a  resist  film  is  formed  in  the  thickness  of  1  nm 
by  the  photolithography  process  and  patterning  is  carried 
out  in  shapes  of  metal  plate  3,  coil  2,  drive  signal  line  4, 
capacitance  detection  signal  line  8,  capacitance  detec- 
tion  electrode  6,  and  unrepresented  drive  signal  elec-  st 
trades.  After  that,  a  film  of  NiCr  is  formed  in  1  nm  using 
the  vacuum  vapor  deposition  process,  and  then  Au  is 
formed  in  49  nm  over  the  entire  surface.  Here,  the  reason 
why  the  two-layer  films  are  formed  is  that,  because  Au 
has  weak  adhesion  to  silicon  nitride,  the  NiCr  film  having  5i 
strong  adhesion  to  silicon  nitride  is  first  formed.  Although 
Embodiment  1  used  the  two-layer  films,  a  single-layer 
film  is  also  applicable.  Further,  the  invention  is  not  limited 
to  the  films  used  in  Embodiment  1  .  The  films  used  herein 

are  preferably  those  of  materials  having  strong  adhesion 
to  the  material  (silicon  nitride)  of  flexible  plate  1  ,  small 
electric  resistance,  and  high  alkali  resistance.  This  is 
because  a  film  with  weak  adhesion  is  likely  to  be  peeled 
off,  because  a  film  with  large  electric  resistance  makes 
an  electric  current  hard  to  flow,  and  because  a  film  with 
low  alkali  resistance  will  also  be  etched  together  with  the 
material  (silicon)  of  support  member  5  upon  etching 
thereof.  Next,  this  sample  is  immersed  in  acetone  in  an 
ultrasonic  cleaner  to  remove  unnecessary  resist  portions 
and  metal  film  portions,  thus  obtaining  the  necessary 
metal  patterns. 

The  silicon  nitride  film  in  the  back  surface  portion  of 
the  substrate  after  the  above  treatments  is  etched  to  be 
removed  partially  (in  the  portion  where  the  flexible  finger 
4  is  to  be  formed);  the  whole  sample  is  then  immersed 
in  a  silicon  etchant  such  as  KOH,  TMAH,  etc.  to  dissolve 
silicon  partially  (in  the  portion  where  the  flexible  finger  4 
is  to  be  formed),  thus  obtaining  a  structure  having  one 
flexible  finger  with  the  support  member  5  of  silicon. 

Two  such  structures  are  prepared  and  bonded  to 
each  other  by  an  adhesive  or  by  the  anode  coupling 
method  between  surfaces  not  having  the  metal  patterns 
etc.,  of  the  two  structures,  thereby  producing  the  micro 
gripper  provided  with  the  metal  plate  3  at  the  distal  end 
of  each  finger  as  shown  in  Fig.  1  . 

The  micro  gripper  can  be  obtained  by  forming  finger 
portions,  tips,  coils  and  metal  plates  on  both  sides  of  a 
single  substrate,  then  removing  unnecessary  part  of  the 
substrate  by  the  etching  process. 

Embodiment  1  used  silicon  nitride  as  the  material 
for  flexible  plate  1  ,  but  the  material  may  be  any  material. 
For  example,  polyimide  may  be  used  to  form  the  film  on 
the  silicon  substrate  by  the  spin  coat  method,  as  the  flex- 
ible  plate,  thus  obtaining  a  similar  micro  gripper. 

Also,  the  substrate  is  not  limited  to  the  n-type  silicon, 
but  may  be  p-type  silicon  or  any  other  material  than  sili- 
con. 

Since  the  metal  plate  3  is  formed  in  each  of  the  two 
flexible  fingers  4  in  the  manner  as  described,  a  capaci- 
tance  can  be  detected  between  the  metal  plates  3, 
depending  upon  a  state  of  flexible  fingers  4.  If  a  resistor 
is  provided  instead  of  the  metal  plate  3,  a  resistance 
changing  depending  upon  deflection  of  flexible  finger  4 
(a  state  of  flexible  finger  4)  can  be  detected. 

Embodiment  2 

Fig.  2  shows  a  drive  apparatus  for  micro  gripper 
according  to  Embodiment  2  of  the  present  invention. 

The  micro  gripper  used  in  Embodiment  1  is  used 
under  the  system  construction  shown  in  Fig.  2. 

Namely,  the  micro  gripper  21  is  installed  below  an 
observing  apparatus  24  consisting  of  a  microscope  pro- 
vided  with  a  CCD  camera,  and  a  microscopic  image 
picked  up  by  the  CCD  camera  is  arranged  to  be  observed 
on  a  television  monitor  28. 

A  magnetic  field  is  applied  to  the  micro  gripper  21 
by  magnetic  field  generating  means  30.  This  magnetic 
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field  generating  means  30  is  a  means  that  can  generate 
a  magnetic  field,  such  as  a  permanent  magnet  or  an 
electric  magnet. 

Opening/closing  of  the  flexible  fingers  is  effected 
using  the  magnetic  field  generating  means  30  and  coils 
2  (opening/closing  means). 

The  micro  gripper  21  is  set  on  a  hydraulic  manipu- 
lator  31  (moving  means)  so  as  to  be  three-dimensionally 
movable. 

Positional  movement  of  the  micro  gripper  21  and 
opening/closing  of  the  fingers  in  the  micro  gripper  21  is 
carried  out  using  a  master  input  device  29  consisting  of 
a  joy  stick  29a  for  driving  the  three-dimensional,  hydrau- 
lic  manipulator  on  which  the  micro  gripper  21  is  set,  and 
an  opening/closing  input  device  29b  integrally  formed 
with  the  joy  stick  29a. 

The  opening/closing  of  the  two  fingers  in  the  micro 
gripper  is  made  when  a  man  (operator)  manipulates  the 
opening/closing  input  device  29b  in  the  master  input 
device  29.  With  this  opening/closing  operation,  an  elec- 
tric  signal  is  generated  depending  upon  the  open- 
ing/closing  operation  by  a  displacement-voltage 
transforming  device  such  as  an  encoder  or  a  differential 
transformer  as  set  in  the  opening/closing  input  device 
29b.  This  electric  signal  is  put  into  a  computer  26,  and 
this  computer  26  executes  signal  processing  such  as 
multiplication  by  an  arbitrary  amplification  factor.  This 
signal-processed  electric  signal  is  used  to  control  a  sig- 
nal  amplitude  of  a  drive  signal  22  generated  from  a  drive 
power  supply  25,  and  the  opening/closing  of  the  flexible 
fingers  in  the  micro  gripper  21  is  controlled  using  this 
drive  signal  22. 

In  such  a  drive  apparatus  for  micro  gripper,  a  capac- 
itance  sensor  27  detects  a  capacitance  signal  23  chang- 
ing  depending  upon  an  opening/closing  state  of  the 
flexible  fingers  or  a  state  between  the  flexible  fingers  and 
the  gripped  object  (fine  body)  (which  is  a  gripped  state), 
etc.  ,  and  the  detected  signal  can  be  put  into  the  computer 
26.  Then,  the  computer  can  perform  such  an  adjustment 
that  the  amplification  factor  of  drive  signal  22  is 
decreased  in  the  computer  as  the  capacitance  signal  23 
becomes  greater,  that  is,  as  the  two  fingers  approach 
each  other.  According  to  this  adjustment,  even  if  the 
opening/closing  input  device  29b  in  the  master  input 
device  29  generates  an  excessive  close  signal  (a  signal 
to  close  the  flexible  fingers),  the  drive  signal  22  gener- 
ated  from  the  drive  power  supply  25  can  be  adjusted  into 
a  signal  of  a  moderate  amplitude,  thereby  preventing 
occurrence  of  a  problem  that  the  gripped  object  (fine 
body)  is  gripped  with  an  excessive  force. 

Further,  the  computer  26  generates  a  voice  signal 
modified  in  frequency  or  amplitude  or  both  in  frequency 
and  amplitude  depending  upon  the  magnitude  of  capac- 
itance  signal  23  to  make  a  voice  generating  apparatus 
2a  generate  a  voice,  whereby  the  operator  can  perform 
the  gripping  work  while  listening  to  the  voice  depending 
upon  the  opening/closing  state  of  the  fingers  in  the  micro 
gripper,  thus  realizing  the  work  with  realism,  and 

whereby  the  operator  can  judge  whether  or  not  the 
gripped  object  (fine  body)  is  accurately  gripped. 

Further,  the  magnitude  of  frictional  resistance  or 
reactive  force  against  the  opening/closing  motion  of  the 

5  opening/closing  input  device  29b  is  changed  depending 
upon  the  magnitude  of  capacitance  signal  23,  whereby 
a  greater  reactive  force  can  be  generated  in  the  open- 
ing/closing  input  device  operated  by  the  man  (operator) 
as  the  gripped  object  is  gripped  with  a  stronger  force. 

10  This  reactive  force  is  changed  using  a  reactive  force  gen- 
erating  apparatus  such  as  an  electromagnetic  brake  or 
wire  brake  not  shown.  This  arrangement  makes  the  man 
feel  as  if  he  is  directly  gripping  the  gripped  object  (fine 
body)  of  micron  order,  thus  enabling  the  work  with  real- 

15  ism,  which  has  never  been  achieved  heretofore,  and 
enabling  the  man  to  judge  whether  or  not  the  gripped 
object  (fine  body)  is  accurately  gripped. 

The  same  operation  is  possible,  similarly  as  in 
Embodiment  1  ,  by  such  an  arrangement  that  a  resistor 

20  replaces  the  metal  plate  3  to  detect  a  resistance  chang- 
ing  depending  upon  deflection  of  flexible  finger  4,  thus 
using  the  resistance  instead  of  the  capacitance. 

Although  Embodiment  2  is  so  arranged  that  the  man 
(operator)  can  sense  the  gripped  state  applying  the  state 

25  of  flexible  fingers  (gripped  state)  to  the  sound  or  the  reac- 
tive  force  of  opening/closing  input  device  29b,  the 
present  invention  is  by  no  means  limited  to  this  arrange- 
ment  but  may  employ  any  means  for  detecting  it.  For 
example,  a  value  according  to  the  capacitance  or  resist- 

30  ance  may  be  displayed  on  a  screen. 

Embodiment  3 

Embodiment  3  of  the  present  invention  is  next 
35  described  referring  to  Fig.  3.  Fig.  3  is  a  cross  section  of 

a  micro  gripper  to  which  the  present  invention  is  applied. 
The  micro  gripper  is  prepared  in  such  a  manner  that 

two  structures  each  consisting  of  a  support  member  42 
and  a  flexible  finger  41  made  of  a  flexible  thin  film  41b 

40  and  a  flexible  thin  film  41  a  are  produced  and  that  the  two 
support  members  42  are  bonded  to  each  other  by  the 
anode  coupling  method  or  by  an  adhesive.  In  this 
arrangement,  the  flexible  thin  film  41b  projects  from  the 
support  member  42,  and  the  flexible  thin  films  41a,  41b 

45  have  mutually  different  thermal  expansion  coefficients. 
When  the  heat  is  generated  in  the  flexible  finger  41  with 
energy  irradiation  such  as  light  from  the  outside  onto  the 
flexible  finger  41,  the  flexible  finger  41  is  distorted 
because  of  a  difference  in  thermal  expansion  between 

so  the  thin  films  41  a,  41  b  forming  the  flexible  finger  41  ,  thus 
achieving  the  gripping  operation. 

In  this  case,  if  the  two  opposed  flexible  fingers  41 
are  intended  to  approach  each  other  or  to  be  distorted 
in  the  direction  A  in  Fig.  3,  the  flexible  thin  film  41b  on 

55  the  support  member  side  should  be  made  of  a  material 
with  smaller  thermal  expansion  coefficient  than  that  of 
the  flexible  thin  film  41  a. 
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Fig.  4  is  a  schematic,  perspective  view  to  show  the 
micro  gripper  according  to  Embodiment  3  of  the  present 
invention. 

Embodiment  3  of  the  present  invention  is  next 
described  in  detail  referring  to  Fig.  4.  s 

First,  the  micro  gripper  is  prepared  utilizing  the  sem- 
iconductor  fabrication  technology.  Production  proce- 
dures  of  the  micro  gripper  are  detailed  in  the  following. 
A  silicon  nitride  film  42b  is  formed  in  the  thickness  of  500 
nm  on  an  n-type  silicon  substrate  of  the  diameter  of  3  u 
inches,  the  thickness  of  250  nm,  and  the  (100)  orienta- 
tion  from  raw  materials  of  dichlorosilane  and  ammonium 
gas  by  the  low  pressure  vapor  phase  growth  method. 
After  that,  patterning  is  done  to  form  an  aluminum  thin 
film  42a  in  the  thickness  of  200  nm  over  the  top  surface  n 
of  this  substrate  by  the  lift-off  process.  Silicon  nitride  is 
a  material  having  a  smaller  thermal  expansion  coefficient 
than  that  of  aluminum.  It  should  be  noted  that  the  thin 
film  materials  forming  the  flexible  finger  do  not  always 
have  to  be  shaped  in  a  same  shape  in  the  two  layers.  2t 

Next,  this  substrate  is  subjected  to  the  dry  etching 
process  with  a  resist  film  as  a  protective  layer  to  remove 
unnecessary  portions  of  the  silicon  nitride  layer,  thereby 
forming  a  finger  shaped  as  shown  in  Fig.  4  in  length  of 
200  nm  to  1  mm  and  in  width  of  40  nm  to  200  nm.  In  this  21 
case,  the  finger  shape  is  not  limited  to  that  shown  in  Fig. 
4,  but  may  be  an  arbitrary  shape.  The  silicon  nitride  layer 
in  the  back  face  portion  of  the  thus  treated  sample  is  par- 
tially  etched  to  be  removed  and  the  entire  sample  is  then 
immersed  in  a  silicon  etchant  such  as  KOH,  TMAH,  etc.  3< 
to  partially  dissolve  silicon,  thus  achieving  a  structure 
having  one  finger  with  the  support  member  42  of  silicon. 
Two  such  structures  are  prepared  and  surfaces  of  silicon 
nitride  films  thereof  without  pattern  are  bonded  to  each 
other  by  an  adhesive  or  by  the  anode  coupling  process,  3; 
thereby  obtaining  the  micro  gripper  provided  with  the 
flexible  fingers  as  shown  in  Fig.4. 

While  holding  the  thus  obtained  micro  gripper  in 
water,  laser  pulse  light  of  wavelength  633  nm  was  irradi- 
ated  onto  the  flexible  finger  portions  to  actuate  them.  On  4t 
this  occasion,  an  amount  of  opening/closing  of  the  flex- 
ible  fingers  was  controlled  by  changing  time  intervals 
between  irradiation  pulses  in  the  irradiated  laser  light. 
Namely,  the  laser  light  with  shorter  pulse  intervals  was 
irradiated  to  distort  the  flexible  fingers  more.  « 

Although  Embodiment  3  used  silicon  nitride  and  alu- 
minum  as  the  materials  with  different  thermal  expansion 
coefficients,  they  may  be  replaced  by  any  other  materi- 
als.  However,  if  the  flexible  fingers  are  intended  to  move 
in  closing  directions,  the  material  on  the  side  where  the  st 
two  flexible  fingers  are  opposed  to  each  other  should 
have  a  smaller  thermal  expansion  coefficient.  The  thin 
films  forming  the  flexible  finger  do  not  always  have  to  be 
of  two  layers,  but  they  may  be  multilayers  of  thin  films. 

Although  Embodiment  3  used  irradiation  with  laser  si 
pulses  to  apply  the  heat  to  the  flexible  finger  portions,  a 
heating  device  may  be  any  means  that  can  apply  the  heat 
such  as  Joule  heat  to  the  flexible  finger  portions. 

The  description  was  omitted  about  the  apparatus  for 
driving  the  micro  gripper  in  Embodiment  3,  because  it  is 
the  same  as  the  previously  described  one.  Namely,  the 
micro  gripper  is  mounted  on  the  hydraulic  manipulator 
and  the  position  of  the  micro  gripper  can  be  moved  in  X, 
Y  Z  directions  by  the  hydraulic  manipulator.  A  joy  stick 
may  be  provided  in  order  to  send  a  signal  for  moving  the 
micro  gripper,  to  the  hydraulic  manipulator.  The  open- 
ing/closing  of  the  flexible  fingers  may  be  driven  by  con- 
trolling  the  quantity  of  heat  (for  example,  by  changing  the 
time  intervals  of  the  laser  pulses)  applied  to  the  flexible 
fingers  by  the  heating  device  (for  example,  the  apparatus 
for  generating  the  laser  pulses)  in  accordance  with  a  sig- 
nal  from  the  opening/closing  device  for  opening/closing 
the  flexible  fingers. 

Embodiment  4 

Fig.  5  is  a  schematic  perspective  view  to  show  a 
micro  gripper  according  to  Embodiment  4  of  the  present 
invention,  and  Fig.  6  a  schematic  cross  section  thereof. 

The  micro  gripper  according  to  Embodiment  4  is  pro- 
vided  with  a  support  member  51  ,  two  flexible  fingers  52, 
probes  53  formed  at  distal  ends  of  the  two  flexible  fingers 
52  and  made  of  a  metal  (conductor)  in  entirety,  micro 
coils  54  provided  in  the  two  respective  flexible  fingers  52, 
metal  wires  55  connected  to  the  corresponding  probes 
53,  and  electrode  layers  56  electrically  connected  to  the 
respective  metal  wires  55.  The  two  electrode  layers  56 
provided  on  the  top  surface  and  on  the  bottom  surface 
of  the  support  member  51  are  electrically  connected  to 
a  measurement  device  57  for  measuring  an  electric 
property  of  the  gripped  object  (Fig.  6).  A  power  supply 
(not  shown)  is  connected  to  the  two  micro  coils  54  in 
order  to  supply  an  electric  current  to  the  micro  coils  54. 

The  method  for  gripping  the  gripped  object  with  the 
micro  gripper  may  be  one  disclosed  in  Japanese  Laid- 
open  Patent  Application  No.  5-253870  as  described  pre- 
viously,  in  which  a  magnetic  field  is  applied  in  parallel 
with  the  longitudinal  direction  of  the  flexible  fingers  52 
and  the  electric  current  flowing  through  the  micro  coils 
54  is  controlled  in  magnitude  and  direction. 

In  order  to  measure  the  electric  property  of  the 
gripped  object  58,  the  measurement  device  57  meas- 
ures  the  electric  property  such  as  the  resistance,  after 
the  gripped  object  58  is  gripped  by  the  above  method, 
as  shown  in  Fig.  6. 

The  process  for  producing  the  micro  gripper  of  Fig. 
5  is  next  described  referring  to  Fig.  7A  to  Fig.  7E.  First, 
a  single  crystal  silicon  substrate  59  of  the  (100)  orienta- 
tion  is  prepared.  Then  dichlorosilane  (Si^Cy  and 
ammonium  gas  (NH3)  are  introduced  as  raw  material 
gases  into  a  CVD  apparatus,  and  a  silicon  nitride  (SiNx) 
film  60  is  formed  in  the  thickness  of  0.1  to  2.0  nm  on  the 
both  surfaces  of  substrate  59  by  the  vapor  phase  growth 
method.  In  Embodiment  4  this  silicon  nitride  film  60 
becomes  the  flexible  finger  52  in  Figs.  5  and  6.  An  insu- 
lator  material  containing  silicon  (for  example,  SiOx  or 
SiOxNY,  etc.)  may  be  used  instead  of  silicon  nitride.  After 
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that,  part  of  the  silicon  nitride  film  60  is  removed  in  a  sub- 
stantially  square  shape  by  the  dry  etching  process  using 
a  gas  such  as  CF4,  SF6,  etc.,  thereby  forming  an 
exposed  portion  where  the  surface  of  silicon  substrate 
59  is  exposed.  Further,  anisotropic  etching  is  performed  5 
using  the  KOH  solution  etc.  with  the  silicon  nitride  film  60 
as  a  mask,  thus  forming  a  recess  of  a  quadrangular  pyr- 
amid  shape  in  the  silicon  substrate  59  (Fig.  7A). 

Next,  tungsten  hexaf  luoride  (WF6)  gas  is  introduced 
as  a  raw  material  gas  into  the  CVD  apparatus  and  tung-  n 
sten  (W)  61  is  let  to  be  deposited  only  in  the  portion 
where  silicon  of  substrate  59  is  exposed  (the  recess  por- 
tion)  by  the  selective  CVD  process  utilizing  a  reduction 
reaction  of  silicon  (Fig.  7B).  In  Embodiment  4  this  quad- 
rangular  pyramid  tungsten  61  becomes  the  probe  53  in  n 
Figs.  5  and  6.  The  probe  53  is  formed  about  5  nm  square 
and  about  3.5  nm  high.  Only  one  probe  53  is  formed  in 
Embodiment  4,  but  the  shape,  size,  and  number  of  the 
probe  53  can  be  arbitrarily  determined  in  accordance 
with  the  gripped  object  to  be  gripped.  2t 

Further,  a  photoresist  is  applied  onto  the  silicon 
nitride  film  60  and  patterning  is  performed  in  the  prede- 
termined  wiring  shape.  Then,  an  aluminum  thin  film  is 
formed  over  the  resist  and  thereafter  the  resist  is 
removed  (by  the  so-called  lift-off  method)  to  form  wiring  21 
62  of  the  aluminum  thin  film  in  the  thickness  of  200  nm 
(Fig.  7C).  This  wiring  62  constitutes  the  micro  coil  54, 
line  55,  and  electrode  layer  56  shown  in  Fig.  5  at  a  time. 

After  that,  unnecessary  portions  of  the  silicon  nitride 
film  60  are  removed  by  dry  etching  using  a  gas  such  as  3t 
CF4,  SF6  etc.  in  accordance  with  the  desired  shape  (Fig. 
5)  of  the  flexible  plate  52  (Fig.  7D). 

Then  the  exposed  silicon  portions  are  dissolved  in 
the  KOH  solution  etc.,  thereby  producing  one  structure 
having  the  flexible  finger  53  (Fig.  7E).  3t 

Two  such  structures  are  produced  and  are  bonded 
to  each  other  by  an  adhesive  or  by  the  anode  coupling 
method  between  surfaces  thereof  not  having  the  metal 
patterns  etc.  (surfaces  of  support  members  51).  The 
micro  gripper  shown  in  Figs.  5  and  6  is  thus  produced  in  4t 
this  manner. 

The  thus  obtained  micro  gripper  of  the  present 
invention  was  used  to  grip  a  protozoa  such  as  vorticella 
in  contact  with  the  probes  53  and  resistance  measure- 
ment  was  carried  out.  It  was  confirmed  that  the  resist-  « 
ance  of  vorticella  was  able  to  be  measured.  It  is  needless 
to  mention  that  a  variety  of  electric  measurements  of  the 
gripped  object  can  be  done,  including  not  only  the  resist- 
ance  measurement  but  also  capacitance  measurement 
between  the  probes  53,  etc.  st 

Embodiment  5 

Fig.  8  is  a  schematic  cross  section  to  show  a  micro 
gripper  according  to  Embodiment  5  of  the  present  inven-  st 
tion.  Embodiment  5  is  substantially  the  same  as  Embod- 
iment  4  except  that  the  shape  of  probes  is  different  from 
that  in  Embodiment  4.  Since  the  opening/closing  opera- 
tion  of  the  flexible  fingers  can  be  carried  out  in  the  same 

manner  as  in  Embodiment  4,  the  same  description  as  in 
Embodiment  4  will  be  omitted. 

In  Embodiment  5,  the  shape  of  probes  65  is  so 
defined  that  a  conductor  (metal)  projects  out  only  at  the 
distal  end  but  the  other  part  is  covered  with  an  insulator. 

The  method  for  producing  the  micro  gripper  accord- 
ing  to  Embodiment  5  is  next  described  referring  to  Figs. 
9A  to  9F. 

A  silicon  nitride  film  70  is  formed  in  the  thickness  of 
700  nm  on  an  n-type  silicon  substrate  69  of  the  diameter 
of  3  inches,  the  thickness  of  250  nm,  and  the  (100)  ori- 
entation  from  raw  materials  of  dichlorosilane  and  ammo- 
nium  gas  by  the  low  pressure  vapor  phase  growth 
method.  Further,  the  silicon  nitride  film  70  on  the  sub- 
strate  69  is  partially  removed  by  the  photolithography 
process  and  dry  etching  process.  The  shape  of  the 
removed  part  is  a  square  with  each  side  of  about  5  nm 
to  about  10  nm.  The  pattern  shape,  size,  and  number  of 
it  can  be  arbitrarily  set  to  match  with  the  gripped  object. 
After  that,  this  substrate  69  is  immersed  in  a  silicon  etch- 
ant  such  as  the  KOH  solution  or  the  TMAH  solution,  and 
an  exposed  silicon  portion  is  etched  in  a  quadrangular 
pyramid  shape  to  form  a  recess  (Fig.  9A). 

After  that,  the  substrate  69  is  set  in  an  electric  oven 
and  a  silicon  dioxide  film  71  is  let  to  grow  in  the  exposed 
silicon  recess  (Fig.  9B).  As  well  known,  a  growth  speed 
of  silicon  dioxide  film  71  is  fast  in  a  flat  portion  but  slow 
in  a  corner  portion.  Thus,  a  cross  section  of  the  silicon 
dioxide  film  grown  in  the  recess  becomes  as  shown  in 
Fig.  9B,  so  that  the  bottom  portion  is  thin. 

After  that,  the  surface  of  the  silicon  nitride  film  70 
formed  on  the  top  surface  side  of  substrate  is  patterned 
in  the  shape  of  the  flexible  finger  and  the  surface  of  sili- 
con  nitride  film  70  formed  on  the  back  surface  side  of 
substrate  is  patterned  in  the  shape  of  the  support  mem- 
ber.  Further,  patterning  of  a  metal  film  72  of  gold,  plati- 
num,  NiCr,  Ti,  Cr  etc.  is  performed  by  the  lift-off  method 
on  the  top  surface  side  of  substrate,  thereby  forming  a 
micro  coil  for  drive  and  a  metal  line  72  at  a  time  (Fig.  9D). 

After  that,  the  sample  is  immersed  in  TMAH  to  dis- 
solve  only  unnecessary  silicon  portions,  thereby  forming 
a  structure  having  a  flexible  finger  in  a  cantilever  state 
(Fig.  9E). 

This  sample  is  then  immersed  in  the  KOH  solution 
to  etch  a  little  part  of  the  silicon  dioxide  film  in  the  probe 
portion,  thus  forming  a  probe  where  the  metal  is  exposed 
from  the  tip  end  of  the  silicon  dioxide  film  71  (Fig.  9F). 

Two  such  structures  are  produced  and  bonded  to 
each  other  by  an  adhesive  or  by  the  anode  coupling 
method  between  surfaces  thereof  not  having  the  metal 
lines  etc.  In  this  manner,  the  micro  gripper  is  able  to  be 
produced  with  a  probe  having  an  exposed  metal  from  the 
tip  end  of  silicon  dioxide  layer  71  . 

In  the  previously  described  Embodiment  4,  the 
entire  probe  53  is  of  a  conductor  and  then,  if  the  gripped 
object  is  soft,  the  depth  of  penetration,  as  defined  as  a 
depth  in  which  the  probe  53  penetrates  into  the  gripped 
object,  cannot  be  constant.  Thus,  because  the  contact 
area  cannot  be  constant  between  the  gripped  object  and 
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the  metal  probe  53,  there  are  cases  that  the  electric  prop- 
erty  of  a  same  gripped  object  cannot  be  detected  on  a 
stable  basis.  Accordingly,  for  soft  gripped  objects,  the 
electric  property  thereof  can  be  detected  on  a  stable 
basis  using  the  micro  gripper  with  the  probe  having  the  5 
conductor  only  at  the  top  portion  as  in  Embodiment  5, 
because  the  contact  area  is  constant  between  the  con- 
ductor  portion  and  the  gripped  object. 

The  thus  obtained  micro  gripper  according  to 
Embodiment  5  was  used  to  grip  a  protozoa  such  as  vor-  n 
ticella  in  contact  with  the  probe  portions  and  resistance 
measurement  was  repeated.  It  was  confirmed  that  vari- 
ations  of  measurement  were  able  to  be  reduced  half. 

In  Embodiments  4  and  5  the  opening/closing  drive 
means  for  opening  and  closing  the  flexible  fingers  was  n 
constructed  of  the  micro  coils  and  an  electric  current 
through  the  micro  coils  was  controlled.  The  other  means 
can  be  employed  therefor,  of  course.  One  of  such  means 
is  arranged  for  example  in  such  a  manner  that  two  metal 
layers  with  different  thermal  expansion  coefficients  are  2t 
provided  on  an  outer  surface  or  an  inner  surface  of  flex- 
ible  finger  (as  called  as  a  bimetal  or  bimorph  structure) 
and  the  heat  applied  to  the  two  metal  layers  is  controlled. 

Embodiment  6  21 

Embodiment  6  of  the  present  invention  is  next 
described  in  detail  referring  to  Fig.  10and  Figs.  11A-11E. 

Fig.  10  is  a  schematic,  perspective  view  to  show  a 
micro  gripper  according  to  Embodiment  6  of  the  present  3t 
invention. 

This  micro  gripper  has  a  support  member  92,  a  pair 
of  flexible  plates  93  supported  by  the  support  member 
92  at  one  end  thereof  and  opposed  to  each  other  at  a 
constant  space  between  them,  coil  layers  91  each  31 
formed  on  an  outer  surface  of  each  flexible  plate  93,  ther- 
mocouples  94  each  formed  in  a  portion  for  gripping  a 
sample  and  at  the  distal  end  of  each  flexible  plate  93,  a 
power  supply  95  electrically  connected  to  the  coil  layers 
91  ,  metal  films  83,  84  electrically  connected  to  the  two  4t 
respective  thermocouples,  a  detector  96  for  measuring 
a  thermoelectromotive  force,  and  conductors  85,  86,  87 
for  electrically  connecting  the  detector  96  to  the  metal 
films  83,  84. 

The  method  for  producing  the  micro  gripper  of  the  * 
present  embodiment  is  next  described.  Figs.  1  1  A  to  1  1  E 
are  schematic  cross  sections  to  illustrate  production  pro- 
cedures  of  the  micro  gripper  of  the  present  embodiment. 

First,  a  silicon  nitride  film  81  is  formed  in  the  thick- 
ness  of  700  nm  on  an  n-type  silicon  substrate  80  of  the  st 
diameter  of  3  inches,  the  thickness  of  250  nm,  and  the 
(1  00)  orientation  covered  with  a  spontaneous  oxide  layer 
by  the  low  pressure  vapor  phase  growth  method  from 
raw  materials  of  dichlorosilane  and  ammonium  gas.  Fur- 
ther,  the  silicon  nitride  film  on  the  substrate  is  partially  st 
removed  by  the  photolithography  process  and  dry  etch- 
ing  process.  The  shape  of  the  removed  portion  is  about 
5  nm  to  about  10  nm  square.  The  shape  and  size  of  the 
pattern  can  be  arbitrarily  determined.  After  that,  this  sub- 

strate  is  immersed  in  a  silicon  etchant  such  as  the  KOH 
solution  or  the  TMAH  solution  to  etch  the  exposed  silicon 
portion  in  a  quadrangular  pyramid  shape,  thus  forming  a 
recess  88  (Fig.  11  A). 

After  that,  the  sample  is  set  in  an  electric  oven  to 
make  a  silicon  dioxide  film  82  grow  in  an  exposed  portion 
of  the  recess  88.  As  well  known,  a  speed  of  growth  of  the 
silicon  dioxide  film  is  fast  in  a  flat  portion  but  slow  in  a 
corner  portion.  Thus,  a  cross  section  of  the  silicon  diox- 
ide  film  thus  grown  in  the  recess  88  becomes  as  shown 
in  Fig.  1  1  B,  in  which  the  thickness  of  the  bottom  part  is 
extremely  thin.  Patterning  of  a  metal  film  83,  for  example 
of  gold,  platinum,  nichrome,  chromel,  alumel,  platinum- 
rhodium,  or  nickel,  is  performed  on  the  top  surface  of  the 
sample  by  the  lift-off  method  to  form  a  constituent  part 
of  the  thermocouple  and  a  thin-film  member  for  drive  (coil 
layer  91)  at  a  time  (Fig.  1  1  B). 

Then  this  sample  is  subjected  to  patterning  in  the 
shape  of  flexible  plate  in  the  silicon  nitride  film  on  the  top 
surface  of  substrate  and  in  the  shape  of  support  member 
on  the  back  surface  of  substrate.  Next,  the  sample  is 
immersed  in  the  TMAH  solution  in  concentration  of  20  to 
25  wt%  as  heated  to  80°  to  dissolve  only  unnecessary 
silicon  portions  (Fig.  1  1  C). 

Then  the  sample  is  immersed  in  the  KOH  solution  in 
concentration  of  40  wt%  as  heated  to  85°  for  about  30 
minutes  to  etch  the  entire  silicon  dioxide  layer  of  the 
probe  portion  in  a  negligible  thickness,  thereby  slightly 
exposing  the  metal  film  83  at  the  probe  top  part  where 
the  thickness  of  the  silicon  dioxide  layer  is  thinnest.  After 
that,  a  metal  film  84  of  a  different  kind  from  the  metal  film 
83  previously  formed  is  formed  on  the  back  surface  of 
substrate.  The  above  process  provides  a  finger  consist- 
ing  of  the  support  member  for  supporting  the  flexible 
plate,  the  flexible  plate  projecting  from  the  support  mem- 
ber,  the  thin-film  member  for  drive,  and  the  probe  pro- 
vided  with  the  pair  of  different  metal  films,  that  is,  a 
thermocouple  at  the  top  part  in  the  distal  end  region  of 
the  flexible  plate. 

Two  such  fingers  are  produced  in  the  above  manner. 
The  two  fingers  thus  produced  have  different  lengths  of 
support  members,  the  smaller  support  member  having 
the  size  of  width  2  mm  and  length  4  mm  while  the  larger 
one  having  the  size  of  width  2  mm  and  length  8  mm. 

The  two  fingers  thus  produced  with  different  sizes  of 
support  members  are  bonded  to  each  other  with  a  con- 
ductive  adhesive  containing  silver  as  a  main  ingredient 
on  the  side  of  the  two  support  members,  and  conductors 
85-87  for  connecting  the  metal  films  83,  84  with  the 
detector  in  order  to  measure  thermoelectromotive  forces 
Va  and  Vb  are  bonded  to  the  metal  films  83  and  84.  In 
the  case  of  the  present  embodiment,  the  metal  film  84  is 
a  common  electrode  to  the  two  thermocouples. 

Next  described  is  the  operation  of  the  micro  gripper 
according  to  Embodiment  6. 

Since  the  opening/closing  operation  of  the  flexible 
plates  of  this  micro  gripper  is  substantially  the  same  as 
that  of  the  micro  gripper  as  disclosed  in  Japanese  Laid- 
open  Patent  Application  No.  5-253870  as  described  pre- 
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viously,  the  detailed  description  thereof  is  omitted,  but  it 
is  briefly  described  in  the  following. 

A  magnetic  field  is  applied  to  the  micro  gripper  so 
that  a  direction  of  the  magnetic  field  coincides  with  the 
longitudinal  direction  of  the  flexible  plates  93.  Then  an  s 
electric  current  is  supplied  from  the  power  supply  95 
independently  to  the  coil  layers  91  each  formed  on  the 
outside  surface  of  flexible  plate  93.  Then  each  flexible 
plate  93  receives  a  Lorentz  force  depending  upon  the 
direction  of  electric  current  and  the  direction  of  magnetic  n 
field,  whereby  the  opening/closing  operation  of  micro 
gripper  can  be  made.  In  this  case,  because  the  direction 
of  an  electric  current  applied  to  each  coil  layer  91  is 
selected  independently  of  the  other,  the  opening/closing 
operation  of  each  flexible  plate  93  can  be  performed  n 
independently. 

Next  described  is  a  method  for  measuring  the  tem- 
perature  of  the  gripped  object  by  the  micro  gripper  of 
Embodiment  6. 

As  described  previously,  the  thermocouple  gener-  2t 
ates  different  electromotive  forces  in  the  respective  con- 
ductors  depending  upon  the  temperature  of  contact 
(Seebeck  effect).  Accordingly,  the  temperature  of  the 
gripped  object  can  be  measured  by  measuring  by  the 
detector  96  a  thermoelectromotive  force  generated  21 
between  the  metal  films  83  and  84  when  the  micro  grip- 
per  grips  the  gripped  object.  Since  the  present  embodi- 
ment  includes  two  thermocouples  94  provided  in  the  two 
respective  flexible  plates  93,  temperature  measurement 
can  be  carried  out  by  the  respective  thermocouples  inde-  3t 
pendently  of  each  other. 

Measurement  was  conducted  using  the  thus 
obtained  micro  gripper.  While  the  produced  micro  grip- 
per  was  gripping  an  egg  of  sea  urchin  in  the  diameter  of 
about  100  nm,  YAG  laser  light  was  irradiated  onto  the  3i 
egg.  It  was  confirmed  that  the  temperature  of  the  sample 
increased  at  the  same  time  as  the  irradiation  of  laser 
light.  It  was  thus  checked  that  temperature  measurement 
of  a  gripped  substance,  having  never  been  realized  here- 
tofore,  became  possible.  Although  the  present  embodi-  « 
ment  was  so  arranged  that  the  thermocouples  were 
provided  each  at  the  distal  end  of  each  of  the  two  flexible 
plates  in  the  micro  gripper,  it  is  noted  that  the  tempera- 
ture  of  sample  can  be  measured  as  long  as  at  least  one 
thermocouple  is  provided.  « 

Further,  the  present  embodiment  was  so  arranged 
that  the  sizes  of  the  upper  and  lower  support  members 
were  different  from  each  other  in  order  to  measure  the 
electromotive  forces  from  the  thermocouples,  but  they 
may  be  formed  in  a  same  size  as  long  as  the  electromo-  st 
tive  forces  from  the  thermocouples  can  be  measured. 

Although  the  present  embodiment  utilized  the 
Lorentz  force  by  providing  the  coil  layers  in  order  to  per- 
form  the  opening/closing  operation  of  the  flexible  plates, 
the  opening/closing  operation  may  be  conducted  using  st 
another  method.  For  example,  the  opening/closing  oper- 
ation  can  be  done  for  example  in  such  a  manner  that  the 
flexible  plates  are  made  of  two  types  of  materials  with 

different  thermal  expansion  coefficients  and  that  the  heat 
is  applied  to  the  flexible  plates  to  effect  thermal  drive. 

Embodiment  7 

A  micro  gripper  according  to  Embodiment  7  of  the 
present  invention  is  next  described  referring  to  Figs.  12, 
13,  and  14A-14D. 

Fig.  1  2  is  a  schematic  plan  view  of  the  micro  gripper 
according  to  Embodiment  7  of  the  present  invention.  Fig. 
13  is  a  schematic  cross  section  along  B-B  line  in  Fig.  12. 

This  micro  gripper  is  provided,  as  shown  in  Fig.  12 
and  Fig.  1  3,  with  a  support  member  1  01  ,  a  pair  of  fingers 
102  supported  by  the  support  member  101  at  one  end 
thereof  and  opposed  to  each  other  at  a  predetermined 
space  between  them,  coil  layers  103  (thin-film  members 
for  drive)  each  formed  on  an  outer  surface  of  each  finger 
102  as  opening/closing  means  for  opening  and  closing 
the  pair  of  fingers  102,  and  heat  resistors  104  for  heating 
at  least  part  of  a  region  where  the  pair  of  fingers  1  02  grip 
a  gripped  object. 

In  the  present  embodiment  each  finger  102  has  a 
projection  1  05  as  a  region  for  gripping  the  gripped  object 
and  the  each  heat  resistor  104  is  formed  in  the  portion 
of  projection  1  05.  The  material  for  heat  resistors  1  04  may 
be  selected  for  example  from  high-resistance  metal  films 
of  Ta,  nichrome,  nickel,  etc.  and  inorganic  materials  such 
as  tantalum  pentoxide,  etc.  Each  finger  1  02  is  composed 
of  a  flexible  plate  and,  more  specifically,  of  double  layers 
of  silicon  nitride  films  1  09,  1  1  0.  The  support  member  1  0  1 
is  composed  of  the  silicon  nitride  films  109,  1  10,  the  sil- 
icon  layer  111,  and  silicon  nitride  layers  112,  113.  It 
should  be,  however,  noted  that  the  structure  of  each  fin- 
ger  1  02  and  the  support  member  1  0  1  is  not  limited  to  the 
above  structure. 

Wiring  patterns  106  electrically  connected  to  the 
heat  resistor  1  04  are  formed  at  a  space  to  the  coil  layer 
103  on  an  outer  surface  of  each  finger.  The  wiring  pat- 
terns  106  also  extend  on  the  support  member  101  to  be 
connected  with  electrode  patterns  107  formed  on  the 
support  member  101  ,  for  electric  connection  to  the  out- 
side.  Similarly,  the  coil  layer  1  03  also  extends  on  the  sup- 
port  member  101  to  be  connected  with  electrode 
patterns  108  formed  on  the  support  member  101,  for 
electric  connection  to  the  outside. 

An  example  of  a  method  for  producing  the  micro 
gripper  shown  in  Fig.  12  and  Fig.  13  is  next  described 
referring  to  Figs.  14Ato  14D.  Figs.  14Ato  14D  are  sche- 
matic  cross  sections  to  show  an  example  of  production 
steps  of  the  micro  gripper  shown  in  Fig.  12  and  Fig.  13. 
In  Figs.  14Ato  14D,  elements  corresponding  to  those  in 
Fig.  12  are  denoted  by  the  same  reference  numerals. 

First,  silicon  nitride  films  110,  1  12  are  formed  in  the 
thickness  of  400  nm  on  either  surface  of  an  n-type  silicon 
substrate  1  1  1  of  the  diameter  of  3  inches,  the  thickness 
of  250  nm,  and  the  (1  00)  orientation  by  the  low  pressure 
vapor  phase  growth  method  from  raw  materials  of  dichlo- 
rosilane  and  ammonium  gas.  Further,  the  silicon  nitride 
film  1  1  0  on  the  top  surface  of  substrate  1  1  1  is  subjected 
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to  patterning  by  the  photolithography  process  and  dry 
etching  process,  whereby  a  square  opening  110a  is 
formed  with  a  side  of  about  5  nm  to  1  0  nm  as  exposing 
the  surface  of  substrate  111  at  a  predetermined  portion 
of  the  silicon  nitride  film  1  10  on  the  top  surface  of  sub-  5 
strate  111.  The  pattern  shape,  size,  and  number  of  open- 
ing  110a  can  be  arbitrarily  determined.  After  that,  this 
substrate  is  immersed  in  a  silicon  etchant  such  as  the 
KOH  solution  or  the  TMAH  solution  to  etch  the  portion  of 
substrate  1  1  1  exposed  through  the  opening  1  1  0a  in  a  u 
quadrangular  pyramid  shape  with  a  mask  of  the  silicon 
nitride  films  110,  112,  thereby  forming  a  quadrangular 
pyramid  trench  111a  continuously  connected  to  the 
opening  110a  in  the  silicon  nitride  film  110  (Fig.  14A). 
Since  the  substrate  111  is  of  the  (1  00)  orientation,  etch-  u 
ing  automatically  stops  at  (1  1  1)  facet  of  silicon  as  well 
known,  thus  making  the  surface  of  trench  1  1  1a  tapered 
at  an  angle  of  54.7°. 

After  that,  silicon  nitride  films  109,  113  are  formed 
in  the  thickness  of  300  nm  on  the  both  sides  of  the  sub-  2t 
strate  in  the  state  shown  in  Fig.  1  4A  by  the  low  pressure 
vapor  phase  growth  method  from  raw  materials  of  dichlo- 
rosilane  and  ammonium  gas  (Fig.  14B). 

Next,  patterning  of  a  film  of  a  high-resistance  metal 
material  such  as  Ta,  nichrome,  nickel,  etc.  or  an  inorganic  21 
material  such  as  tantalum  pentoxide  is  conducted  on  the 
top  surface  of  the  substrate  in  the  state  shown  in  Fig. 
14B  by  the  lift-off  method  etc.,  whereby  a  heat  resistor 
104  is  formed  in  a  rectangular  shape  in  and  around  the 
portion  of  trench  1  09a  in  the  silicon  nitride  film  1  09.  Fur-  3< 
ther,  patterning  of  a  metal  layer,  for  example  of  gold,  alu- 
minum,  copper,  etc.,  is  conducted  on  the  top  surface  of 
the  silicon  nitride  film  1  09  by  the  lift-off  method,  whereby 
a  coil  layer  103,  wiring  patterns  106,  and  electrode  pat- 
terns  1  07,  1  08  (Fig.  1  2)  are  formed.  After  that,  the  silicon  3; 
nitride  layers  109,  110,  112,  1  1  3  on  the  both  sides  of  sub- 
strate  1  1  1  are  subjected  to  patterning  by  the  photolithog- 
raphy  process  and  dry  etching  process  so  as  to  match 
with  the  desired  shape  of  finger  102  and  the  desired 
shape  of  support  member  101  (Fig.  14C).  4t 

Then  the  substrate  in  the  state  shown  in  Fig.  14C  is 
immersed  in  the  TMAH  solution  in  concentration  of  20  to 
25  wt%  and  at  80  °C  or  the  KOH  solution  in  concentration 
of  40  wt%  and  at  85  °C,  thereby  dissolving  only,  unnec- 
essary  silicon  portions  exposed  by  the  patterning.  This  * 
completes  a  finger  body  in  a  cantilever  state  as  shown 
in  Fig.  14D. 

Two  such  finger  bodies  shown  in  Fig.  14D  are  pre- 
pared  and  bonded  to  each  other  by  an  adhesive  etc. 
between  portions  to  become  the  support  members  101.  st 
This  completes  the  micro  gripper  shown  in  Fig.  12  and 
Fig.  13. 

Next  described  is  the  operation  of  the  micro  gripper 
shown  in  Fig.  12  and  Fig.  13. 

For  using  the  micro  gripper,  as  shown  in  Fig.  1  2,  con-  st 
ductor  123,  124  connects  each  electrode  pattern  107 
with  a  heating  power  supply  121  and  conductor  1  25,  1  26 
connects  each  electrode  pattern  108  with  a  driving 

power  supply  122.  This  micro  gripper  is  placed  in  an 
external  magnetic  field. 

Since  the  opening/closing  operation  of  the  fingers  in 
the  micro  gripper  is  the  same  as  in  Embodiment  6,  and 
thus,  the  description  thereof  is  omitted  herein. 

In  actual  work,  for  example,  the  micro  gripper  is 
mounted  on  a  commercially  available  manipulator  that 
can  be  hydraulically  driven  in  three  dimensions,  whereby 
a  substance  as  a  gripped  object  can  be  gripped  on  a 
microscope  stage  on  which  a  permanent  magnet  for  pro- 
viding  the  external  magnetic  field  is  fixed. 

When  an  electric  current  is  supplied  from  the  heating 
power  supply  1  21  to  the  heat  resistor  1  04,  the  heat  resis- 
tor  104  generates  Joule  heat  to  heat  the  projection  105 
as  a  region  for  gripping  the  gripped  object.  On  this  occa- 
sion,  the  heat  resistors  104  of  the  respective  fingers  102 
may  be  simultaneously  energized  or  only  one  of  heat 
resistors  104  may  be  energized. 

Thus,  using  the  micro  gripper  shown  in  Fig.  12  and 
Fig.  13,  the  instant  that  the  gripped  object  is  gripped,  the 
gripped  object  can  be  locally  heated  by  the  projection 
1  05  heated  by  the  heat  resistor  1  04.  Therefore,  the  micro 
gripper  can  realize  thermal  conduction  analysis  in  a 
micro  region  for  gripped  objects  such  as  fine  mechanical 
components,  and  biochemical  inspection  and  evaluation 
for  gripped  objects  such  as  living  samples. 

For  example,  the  micro  gripper  can  be  used  to  grip 
an  egg  of  sea  urchin  in  diameter  of  about  1  00  nm  and  to 
heat  in  a  local  region  at  the  same  time.  When  the  tem- 
perature  of  such  an  egg  was  simultaneously  measured 
by  a  temperature  meter  using  infrared  rays,  it  was  rec- 
ognized  that  the  temperature  of  the  egg  was  increased 
depending  upon  the  magnitude  of  the  electric  current 
supplied  to  the  heat  resistor  104. 

Embodiment  8 

A  micro  gripper  according  to  Embodiment  8  of  the 
present  invention  is  next  described  referring  to  Figs.  15A 
to  15D. 

Figs.  1  5A  to  1  5D  are  schematic  cross  sections  to 
show  production  steps  of  a  finger  body  used  for  forming 
the  micro  gripper  according  to  the  present  embodiment, 
and  correspond  to  Figs.  14A  to  14D,  respectively. 

Describing  the  production  steps  shown  in  Figs.  15A 
to  15D,  silicon  nitride  films  132,  133  are  first  formed  on 
the  both  surfaces  of  silicon  substrate  1  31  by  the  low  pres- 
sure  vapor  phase  growth  method  from  raw  materials  of 
dichlorosilane  and  ammonium  gas.  Further,  the  silicon 
nitride  film  132  on  the  upper  surface  of  substrate  131  is 
subjected  to  patterning  by  the  photolithography  process 
and  dry  etching  process,  whereby  a  circular  opening 
132a  exposing  the  surface  of  substrate  131  is  formed  in 
a  predetermined  portion  of  the  silicon  nitride  film  132  on 
the  top  surface  of  substrate  131.  The  pattern  shape,  size, 
and  number  of  opening  132a  can  be  arbitrarily  deter- 
mined.  Then  this  substrate  is  set  in  an  electric  oven  to 
be  heated  therein,  whereby  a  silicon  dioxide  film  134  is 
grown  by  thermal  oxidation  in  the  exposed  portion  of  sub- 
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strate  131  through  the  opening  132a  (Fig.  15A).  As  well 
known,  the  speed  of  growth  of  silicon  dioxide  film  is  fast 
in  a  flat  portion  but  slow  in  a  corner  portion,  and  there- 
fore,  the  cross  section  of  silicon  oxidef  ilm  1  34  thus  grown 
becomes  approximately  oval  as  shown  in  Fig.  15A. 

After  that,  the  silicon  nitride  films  135,  136  are 
formed  on  the  both  surfaces  of  substrate  in  the  state 
shown  in  Fig.  15A  by  the  low  pressure  vapor  phase 
growth  method  from  raw  materials  of  dichlorosilane  and 
ammonium  gas  (Fig.  15B). 

Next,  patterning  of  a  film,  for  example  of  a  high- 
resistance  metal  material  such  as  Ta,  nichrome,  nickel, 
etc.  or  an  inorganic  material  such  as  tantalum  pentoxide, 
is  conducted  by  the  lift-off  method  etc.  on  the  top  surface 
of  substrate  in  the  state  shown  in  Fig.  15B,  whereby  a 
heat  resistor  137  is  formed  in  a  circular  shape  above  and 
around  the  silicon  dioxide  film  134.  Further,  patterning  of 
a  metal  layer  such  as  gold,  aluminum,  copper,  etc.  is  con- 
ducted  by  the  lift-off  method  on  the  top  surface  of  silicon 
nitride  layer  135,  thereby  forming  a  coil  layer  138  corre- 
sponding  to  the  coil  layer  103  in  Fig.  12,  wiring  patterns 
(not  shown)  corresponding  to  the  wiring  patterns  106  in 
Fig.  12,  and  electrode  patterns  (not  shown)  correspond- 
ing  to  the  electrode  patterns  107,  108  in  Fig.  12.  After 
that,  patterning  is  conducted  for  the  silicon  nitride  films 
1  32,  1  33,  1  35,  1  36  on  the  both  surfaces  of  substrate  131 
by  the  photolithography  process  and  dry  etching  process 
so  as  to  match  with  the  desired  shape  of  finger  and  the 
desired  shape  of  support  member  (Fig.  15C). 

Then  the  substrate  in  the  state  shown  in  Fig.  15C  is 
immersed  in  the  strong  alkali  solution  such  as  the  KOH 
solution  to  dissolve  unnecessary  silicon  portions  and  sil- 
icon  dioxide  film  134  exposed  by  the  patterning.  This 
completes  a  finger  body  in  a  cantilever  state  shown  in 
Fig.  15D. 

Then  two  such  finger  bodies  shown  in  Fig.  15D  are 
prepared  and  bonded  to  each  other  by  an  adhesive  etc. 
between  the  portions  to  become  the  support  members, 
similarly  as  in  the  bonding  of  the  two  finger  bodies  shown 
in  Fig.  14D.  This  completes  the  micro  gripper  (not  shown) 
according  to  the  present  embodiment. 

In  the  micro  gripper  according  to  the  present  embod- 
iment,  each  finger  has  a  spherical,  concave  portion  139 
(Fig.  1  5D)  as  a  region  for  gripping  the  gripped  object  and 
a  heat  resistor  1  37  is  formed  in  the  portion  of  the  concave 
portion  139. 

Using  the  micro  gripper  according  to  the  present 
invention,  at  the  same  time  that  the  gripped  object  is 
gripped,  it  can  be  locally  heated  by  the  concave  portion 
1  39  heated  by  the  heat  resistor  1  37. 

Embodiment  9 

A  micro  gripper  according  to  Embodiment  9  of  the 
present  invention  is  next  described  referring  to  Figs.  1  6A 
to  16D. 

Figs.  1  6A  to  1  6D  are  schematic  cross  sections  to 
show  production  steps  of  a  finger  body  used  for  con- 
structing  the  micro  gripper  according  to  the  present 

embodiment,  and  correspond  to  Figs.  14A  to  14D, 
respectively. 

Describing  the  production  steps  shown  in  Figs.  16A 
to  16D,  a  circular  mask  142  is  first  formed  at  a  predeter- 

5  mined  portion  on  the  top  surface  of  silicon  substrate  1  41 
(Fig.  1  6A).  The  pattern  shape,  size,  and  number  of  mask 
142  can  be  arbitrarily  determined. 

After  that,  this  substrate  is  immersed  in  a  hydrofluo- 
ric  acid  solution  to  isotropically  etch  silicon,  thereby 

10  shaping  the  silicon  substrate  141  in  a  plate  form  having 
a  conic-shape  projection  1  41  a  on  the  top  surface  thereof. 
This  etching  removes  the  mask  1  42  from  the  silicon  sub- 
strate  141  .  Silicon  nitride  layers  143,  144  are  formed  on 
the  both  surfaces  of  the  silicon  substrate  141  in  this  state 

is  by  the  low  pressure  vapor  phase  growth  method  from 
raw  materials  of  dichlorosilane  and  ammonium  gas  (Fig. 
16B). 

Next,  patterning  of  a  film,  for  example  of  a  high- 
resistance  metal  material  such  as  Ta,  nichrome,  nickel, 

20  etc.  or  an  inorganic  material  such  as  tantalum  pentoxide, 
is  conducted  by  the  lift-off  method  on  the  top  surface  of 
substrate  in  the  state  shown  in  Fig.  1  6B,  whereby  a  heat 
resistor  145  is  formed  in  a  circular  shape  above  and 
around  the  projection  141a.  Further,  patterning  of  a 

25  metal  film  such  as  gold,  aluminum,  copper,  etc.  is  con- 
ducted  by  the  lift-off  method  on  the  top  surface  of  silicon 
nitride  film  143,  whereby  a  coil  layer  146  corresponding 
to  the  coil  layer  1  03  in  Fig.  1  2,  wiring  patterns  (not  shown) 
corresponding  to  the  wiring  patterns  106  in  Fig.  12,  and 

30  electrode  patterns  (not  shown)  corresponding  to  the 
electrode  patterns  107,  108  in  Fig.  12  are  formed.  After 
that,  patterning  is  done  for  the  silicon  nitride  layers  143, 
144  on  the  both  surfaces  of  substrate  141  by  the  photo- 
lithography  process  and  dry  etching  process  so  as  to 

35  match  with  the  desired  shape  of  finger  and  the  desired 
shape  of  support  member  (Fig.  16C). 

Then  the  substrate  in  the  state  shown  in  Fig.  16C  is 
immersed  in  the  TMAH  solution  or  the  KOH  solution  to 
dissolve  unnecessary  silicon  portions  exposed  by  the 

40  patterning.  This  completes  a  finger  body  in  a  cantilever 
state  shown  in  Fig.  16D. 

Then  two  such  finger  bodies  shown  in  Fig.  16D  are 
prepared  and  bonded  to  each  other  by  an  adhesive  etc. 
between  the  portions  to  become  the  support  members, 

45  similarly  as  the  bonding  between  the  two  finger  bodies 
shown  in  Fig.  1  4D.  This  completes  the  micro  gripper  (not 
shown)  according  to  the  present  embodiment. 

In  the  micro  gripper  according  to  the  present  embod- 
iment,  each  finger  has  a  conic-shaped,  concave  portion 

so  1  47  (Fig.  1  6D)  as  a  region  for  gripping  the  gripped  object, 
and  a  heat  resistor  1  45  is  formed  in  the  portion  of  the 
concave  portion  147. 

Also  using  the  micro  gripper  according  to  the  present 
embodiment,  at  the  same  time  that  the  gripped  object  is 

55  gripped,  the  gripped  object  can  be  locally  heated  by  the 
concave  portion  147  heated  by  the  heat  resistor  145. 

12 
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Embodiment  10 

A  micro  gripper  according  to  Embodiment  10  of  the 
present  invention  is  next  described  referring  to  Figs.  1  7, 
18,  19A,  and  19B. 

Fig.  1  7  is  a  schematic  plan  view  of  af  inger  body  used 
for  constructing  the  micro  gripper  according  to  the 
present  embodiment.  Fig.  18  is  a  schematic  cross  sec- 
tion  along  C-C  line  in  Fig.  17.  Figs.  19A  and  19B  are 
schematic  cross  sections  to  show  an  example  of  produc- 
tion  steps  of  the  finger  body  shown  in  Fig.  17  and  Fig.  18. 

An  example  of  a  method  for  producing  the  finger 
body  is  described  referring  to  Figs.  1  7,  1  8,  1  9A,  and  1  9B. 

First,  silicon  nitride  films  152,  153  are  formed  on  the 
both  surfaces  of  an  n-type  silicon  substrate  151  of  the 
(100)  orientation  by  the  low  pressure  vapor  phase  growth 
method  from  raw  materials  of  dichlorosilane  and  ammo- 
nium  gas.  Further,  patterning  is  done  by  the  photolithog- 
raphy  process  and  dry  etching  process  for  the  silicon 
nitride  film  152  on  the  upper  surface  of  substrate  151, 
whereby  a  square  opening  1  52a  exposing  the  surface  of 
substrate  151  is  formed  in  a  predetermined  portion  of 
silicon  nitride  film  152  on  the  upper  surface  of  substrate 
151.  The  pattern  shape,  size,  and  number  of  opening 
152a  can  be  arbitrarily  determined.  After  that,  this  sub- 
strate  is  immersed  in  a  silicon  etchant  such  as  the  KOH 
solution  or  the  TMAH  solution  to  etch  the  exposed  por- 
tion  of  substrate  1  51  through  the  opening  1  52a  in  a  quad- 
rangular  pyramid  shape,  thereby  forming  a  quadrangular 
pyramid  trench  151a  continuous  to  the  opening  152a  in 
the  silicon  nitride  film  152  (Fig.  19A). 

After  that,  the  substrate  in  the  state  shown  in  Fig. 
19A  is  set  in  an  electric  oven  to  be  heated,  whereby  a 
silicon  dioxide  film  154  is  grown  by  thermal  oxidation  in 
the  exposed  portion  of  trench  151  a  on  the  substrate  151. 
As  well  known,  the  speed  of  growth  of  silicon  dioxide  film 
is  fast  in  a  flat  portion  but  slow  in  a  corner  portion.  Thus, 
a  cross  section  of  the  silicon  dioxide  film  154  grown  in 
the  portion  of  trench  151a  becomes  as  shown  in  Fig. 
19B,  where  the  thickness  of  the  bottom  portion  is 
extremely  thinner  than  the  other  portions.  After  that,  pat- 
terning  of  a  metal  film  such  as  gold,  platinum,  nichrome, 
chrome,  platinum-rhodium,  nickel,  etc.  is  conducted  by 
a  well-known  procedure  on  the  top  surface  of  the  sub- 
strate,  thereby  forming  a  constituent  portion  1  59  of  ther- 
mocouple  155  (Fig.  18),  an  electrode  pattern  156  for 
thermocouple,  a  coil  layer  157  corresponding  to  the  coil 
layer  1  03  in  Fig.  1  2,  and  electrode  patterns  1  58  (Fig.  1  7) 
corresponding  to  the  electrode  patterns  108  in  Fig.  12. 
A  projection  1  59a  (a  portion  of  the  constituent  portion 
1  59)  formed  in  the  portion  of  trench  in  the  silicon  dioxide 
layer  154  by  the  patterning  of  metal  film  becomes  a  junc- 
tion  portion  between  two  different  materials  in  the  ther- 
mocouple  155,  as  will  be  apparent  from  the  following 
description.  Next,  patterning  is  done  by  the  photolithog- 
raphy  process  and  dry  etching  process  for  the  silicon 
nitride  films  1  52,  1  53  on  the  both  surfaces  of  substrate 
151  so  as  to  match  with  the  desired  shape  of  finger  and 
the  desired  shape  of  support  member  (Fig.  19B). 

Then  the  substrate  is  immersed  in  the  TMAH  solu- 
tion  to  dissolve  only  unnecessary  silicon  portions 
exposed  by  the  patterning.  Further,  this  substrate  is 
immersed  in  the  KOH  solution  (this  solution  etches  the 

5  silicon  dioxide  film  at  low  speed)  to  isotropically  etch  a 
small  amount  of  silicon  dioxide  film  154,  thereby  making 
the  projection  1  59a  slightly  projecting  from  the  top  por- 
tion  (corresponding  to  the  thinnest  portion  before  etch- 
ing)  of  silicon  dioxide  film  1  54  after  etched.  Then  a  metal 

io  film  160  of  a  kind  different  from  the  previously  formed 
metal  film  (namely,  different  from  the  material  for  projec- 
tion  1  59a)  is  formed  on  the  back  surface  of  the  substrate. 
This  completes  a  finger  body  shown  in  Fig.  17  and  Fig. 
18. 

15  In  the  present  embodiment,  the  finger  body  shown 
in  Fig.  17  and  Fig.  18  is  bonded  to  another  finger  body 
shown  in  Fig.  14D,  Fig.  15D,  or  Fig.  16D  by  an  adhesive 
etc.  between  portions  to  become  support  members,  sim- 
ilarly  as  in  the  bonding  of  two  finger  bodies  shown  in  Fig. 

20  14D.  This  completes  the  micro  gripper  (not  shown) 
according  to  the  present  embodiment. 

In  the  micro  gripper  according  to  the  present  embod- 
iment,  a  thermocouple  1  55  is  provided  in  a  portion  not 
heated  by  the  heat  resistor  and  in  a  region  where  the 

25  paired  fingers  grip  a  gripped  object.  In  using  the  micro 
gripper,  an  electromotive  force  appearing  between  the 
electrode  pattern  156  and  the  metal  film  160  is  supplied 
as  a  temperature  detection  signal  to  a  detector  not 
shown. 

30  According  to  the  present  embodiment,  at  the  same 
time  that  the  gripped  object  is  gripped,  the  gripped  object 
can  be  locally  heated  by  the  region  heated  by  the  heat 
resistor.  In  addition,  the  temperature  of  the  gripped 
object  can  be  measured.  Therefore,  the  thermal  conduc- 

35  tion  analysis  etc.  of  the  gripped  object  can  be  further 
accurately  performed,  and  a  local  region  of  the  gripped 
object  can  be  kept  at  a  desired  temperature  by  controlling 
an  amount  of  electric  current  (consequently,  an  amount 
of  heat  of  the  heat  resistor)  to  the  heat  resistor  depending 

40  upon  a  measured  temperature. 

Embodiment  1  1 

A  micro  gripper  according  to  Embodiment  1  1  of  the 
45  present  invention  is  next  described  referring  to  Figs.  20, 

21,  and  22Ato  22C. 
Fig.  20  is  a  schematic  plan  view  of  af  inger  body  used 

for  constituting  the  micro  gripper  according  to  the  present 
embodiment.  Fig.  21  is  a  schematic  cross  section  along 

so  D-D  line  in  Fig.  20.  Figs.  22A  to  22C  are  schematic  cross 
sections  to  show  an  example  of  production  steps  of  the 
finger  body  shown  in  Fig.  20  and  Fig.  21  . 

An  example  of  a  method  for  producing  this  finger 
body  is  described  referring  to  Figs.  20,  21,  and  22A  to 

55  22C. 
First,  silicon  nitride  films  1  72,  1  73  are  formed  on  the 

both  surfaces  of  an  n-type  silicon  substrate  171  of  the 
(1  00)  orientation  by  the  low  pressure  vapor  phase  growth 
method  from  raw  materials  of  dichlorosilane  and  ammo- 

13 
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nium  gas.  Further,  the  silicon  nitride  film  172  on  the  top 
surface  of  substrate  1  71  is  subjected  to  patterning  by  the 
photolithography  process  and  dry  etching  process, 
whereby  a  square  opening  1  72a  exposing  the  surface  of 
substrate  1  71  is  formed  in  a  predetermined  portion  of  the 
silicon  nitride  film  172  on  the  top  surface  of  substrate 
171.  The  pattern  shape,  size,  and  number  of  opening 
172a  can  be  arbitrarily  determined.  After  that,  this  sub- 
strate  is  immersed  in  a  silicon  etchant  such  as  the  KOH 
solution  or  the  TMAH  solution  to  etch  the  exposed  por- 
tion  of  substrate  1  71  through  the  opening  1  72a  in  a  quad- 
rangular  pyramid  shape  with  a  mask  of  the  silicon  nitride 
films  1  72,  1  73,  thereby  forming  a  quadrangular  pyramid 
trench  171a  continuous  to  the  opening  1  72a  in  the  silicon 
nitride  film  172  (Fig.  22A). 

After  that,  silicon  nitride  films  1  74,  1  75  are  formed 
on  the  both  surfaces  of  substrate  in  the  state  shown  in 
Fig.  22A  by  the  low  pressure  vapor  phase  growth  method 
from  raw  materials  of  dichlorosilane  and  ammonium  gas. 
Next.patterning  by  the  photolithography  process  and  dry 
etching  process  is  conducted  for  the  silicon  nitride  films 
1  72,  1  74  on  the  upper  surface  of  substrate  1  71  ,  thereby 
forming  square  openings  172b,  174b  exposing  the  sur- 
face  of  substrate  171  in  predetermined  portions  of  the 
silicon  nitride  films  1  72,  1  74  on  the  upper  surface  of  sub- 
strate  171.  The  pattern  shape,  size,  and  number  of  open- 
ings  1  72b,  1  74b  can  be  arbitrarily  determined.  After  that, 
this  substrate  is  immersed  in  a  silicon  etchant  such  as 
the  KOH  solution  or  the  TMAH  solution  to  etch  the 
exposed  portion  of  substrate  171  through  the  openings 
1  72b,  1  74b  in  a  quadrangular  pyramid  shape  with  a  mask 
of  the  silicon  nitride  films  174,  175,  thereby  forming  a 
quadrangular  pyramid  trench  171b  continuous  to  the 
openings  172b,  174b  (Fig.  22B). 

Then  the  substrate  in  the  state  shown  in  Fig.  22B  is 
set  in  an  electric  oven  to  be  heated  therein,  so  that  a 
silicon  dioxide  film  176  is  grown  by  thermal  oxidation  in 
the  exposed  portion  of  trench  1  71  b  in  the  substrate  171. 
As  well  known,  the  speed  of  growth  of  silicon  dioxide  film 
is  fast  in  a  flat  portion  but  slow  in  a  corner  portion.  Thus, 
a  cross  section  of  the  silicon  dioxide  film  176  grown  in 
the  portion  of  trench  171b  becomes  as  shown  in  Fig. 
22C,  in  which  the  thickness  of  the  bottom  portion  is 
extremely  thinner  than  the  other  portions.  Next,  pattern- 
ing  of  a  film,  for  example  a  high-resistance  metal  material 
such  as  Ta,  nichrome,  nickel,  etc.  or  an  inorganic  material 
such  as  tantalum  pentoxide,  is  conducted  by  the  lift-off 
method  etc.  on  the  top  surface  of  the  substrate,  whereby 
a  rectangular  heat  resistor  1  77  is  formed  in  and  around 
the  portion  of  trench  174a  in  the  silicon  nitride  film  174. 
Further,  patterning  of  a  metal  film  such  as  gold,  platinum, 
nichrome,  chrome,  platinum-rhodium,  nickel,  etc.  is  per- 
formed  by  a  well-known  method  such  as  the  lift-off 
method  on  the  top  surface  of  the  substrate,  thereby  form- 
ing  a  constituent  portion  1  79  of  a  thermocouple  1  78  (Fig. 
21),  an  electrode  pattern  180  for  thermocouple,  a  coil 
layer  181  corresponding  to  the  coil  layer  103  in  Fig.  12, 
electrode  patterns  182  corresponding  to  the  electrode 
patterns  108  in  Fig.  12,  wiring  patterns  183  correspond- 

ing  to  the  wiring  patterns  106  in  Fig.  12,  and  electrode 
patterns  184  (Fig.  20)  corresponding  to  the  electrode 
patterns  107  in  Fig.  12.  The  projection  179a  (a  part  of 
the  constituent  portion  179),  formed  in  the  portion  of 

5  trench  in  the  silicon  dioxide  film  1  76  by  the  patterning  of 
metal  film,  becomes  a  junction  portion  between  the  dif- 
ferent  materials  in  the  thermocouple  178,  as  will  be 
apparent  from  the  following  description.  Next,  the  silicon 
nitride  films  172-175  on  the  both  surfaces  of  substrate 

10  1  71  are  subjected  to  patterning  by  the  photolithography 
process  and  dry  etching  process  so  as  to  match  with  the 
desired  shape  of  finger  and  the  desired  shape  of  support 
member  (Fig.  22C). 

Then  this  substrate  is  immersed  in  the  TMAH  solu- 
15  tion  to  dissolve  only  unnecessary  silicon  portions 

exposed  by  the  patterning.  Further,  this  substrate  is 
immersed  in  the  KOH  solution  (which  etches  the  silicon 
dioxide  film  at  low  speed)  to  isotropically  etch  a  very 
small  amount  of  silicon  dioxide  film  1  76,  thereby  forming 

20  the  projection  1  79a  slightly  projecting  from  the  top  part 
(corresponding  to  the  thinnest  portion  before  etching)  of 
the  silicon  dioxide  film  176  after  etched.  Next,  a  metal 
film  185  of  a  kind  different  from  the  previously  formed 
metal  film  (i.e.,  different  from  the  material  of  projection 

25  179a)  is  formed  on  the  back  surface  of  the  substrate.  This 
completes  a  finger  body  shown  in  Fig.  21  and  Figs.  22A 
to  22C. 

Then  two  finger  bodies  shown  in  Fig.  20  and  Fig.  21 
are  prepared  and  bonded  to  each  other  by  an  adhesive 

30  etc.  between  portions  to  become  the  support  members. 
This  completes  the  micro  gripper  (not  shown)  according 
to  the  present  embodiment. 

In  the  micro  gripper  according  to  the  present  embod- 
iment,  the  thermocouple  1  78  is  provided  in  a  portion  not 

35  heated  by  the  heat  resistor  and  in  the  region  where  the 
same  fingers  grip  a  gripped  object.  For  using  this  micro 
gripper,  an  electromotive  force  generated  between  the 
electrode  pattern  180  and  the  metal  film  185  is  supplied 
as  a  temperature  detection  signal  to  a  detector  not 

40  shown. 
According  to  the  present  embodiment,  at  the  same 

time  that  the  gripped  object  is  gripped,  the  gripped  object 
can  be  locally  heated  by  the  region  heated  by  the  heat 
resistor.  In  addition,  the  temperature  of  the  gripped 

45  object  can  also  be  measured.  Thus,  the  thermal  conduc- 
tion  analysis  etc.  of  the  gripped  object  can  be  further 
accurately  carried  out,  and  a  local  portion  of  the  gripped 
object  can  be  kept  at  a  desired  temperature  by  controlling 
an  amount  of  supply  current  to  the  heat  resistor  (thus, 

so  an  amount  of  heat  of  the  heat  resistor),  depending  upon 
a  measured  temperature. 

Since  the  micro  gripper  according  to  the  present 
embodiment  is  so  arranged  that  the  heat  resistor  1  77  and 
thermocouple  1  78  are  provided  in  a  same  finger,  a  dis- 

ss  tance  between  the  heat  resistor  1  77  and  the  thermocou- 
ple  1  78  can  be  kept  constant  at  a  known  value,  which  is 
thus  further  convenient  in  performing  the  thermal  con- 
duction  analysis  etc. 

14 
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The  embodiments  of  the  present  invention  were 
described  above  in  detail,  but  it  should  be  noted  that  the 
present  invention  is  by  no  means  limited  to  these  embod- 
iments. 

For  example,  the  invention  allows  the  silicon  nitride 
film  1  43  to  be  formed  as  being  perfectly  flat  without  form- 
ing  the  concave  portion  147  in  the  silicon  nitride  film  143 
in  the  finger  body  of  Fig.  1  6D.  However,  when  the  fingers 
have  the  convex  portions  or  concave  portions  as  a  region 
for  gripping  the  gripped  object  and  when  the  heat  resis- 
tors  heat  the  convex  portions  or  concave  portions,  a 
heating  portion  to  the  gripped  object  can  be  readily  spec- 
ified,  which  is  thus  preferably. 

In  the  present  invention,  the  micro  gripper  can  be 
constructed  in  any  combination  between  the  finger  bod- 
ies  as  described.  Also,  there  are  no  restrictions  on  the 
number  of  heat  resistors  and  the  number  of  thermocou- 
ples.  The  heat  resistor  may  be  provided  on  each  of  the 
pair  of  fingers  or  only  on  one  of  them.  The  heat  resistor 
may  be  provided  over  the  entire  area  of  finger  for  gripping 
the  gripped  object,  or  only  in  a  part  of  the  region. 

The  above-described  embodiments  utilized  the 
Lorentz  force  by  the  coil  layer  provided  in  the  each  finger 
for  performing  the  opening/closing  operation  of  fingers, 
but  the  opening/closing  operation  of  fingers  may  be  per- 
formed  by  another  method.  For  example,  the  open- 
ing/closing  operation  can  be  effected  by  thermal  drive  in 
such  a  manner  that  the  flexible  plate  forming  the  finger 
is  made  of  two  types  of  materials  with  different  thermal 
expansion  coefficients  and  that  heat  is  applied  to  the  flex- 
ible  plate.  In  each  embodiment  as  described  above,  the 
thermal  drive  is  possible  utilizing  a  difference  in  thermal 
expansion  coefficient  between  the  coil  layer  (thin-film 
member  for  drive)  and  the  silicon  nitride  film  as  a  finger 
material  without  an  extra  modification. 

Further,  the  present  invention  can  also  be  applied  to 
electrostatic  micro  grippers,  micro  grippers  using  a  pie- 
zoelectric  device,  etc. 

From  the  invention  thus  described,  it  will  be  obvious 
that  the  invention  may  be  varied  in  many  ways.  Such  var- 
iations  are  not  to  be  regarded  as  a  departure  from  the 
spirit  and  scope  of  the  invention,  and  all  such  modifica- 
tions  as  would  be  obvious  to  one  skilled  in  the  art  are 
intended  to  be  included  within  the  scope  of  the  following 
claims. 

The  basic  Japanese  Application  Nos.  1  90625/1  994 
filed  on  August  12,  1994,  2801  43/1  994  filed  on  Novem- 
ber  15,  1994  and  21  207/1  995  filed  on  January  13,  1995 
are  hereby  incorporated  by  reference. 

Claims 

1  .  A  micro  gripper  comprising: 
two  flexible  fingers; 
a  support  member  for  supporting  said  two  fin- 

gers  as  opposed  to  each  other  at  a  predetermined 
space;  and 

opening/closing  drive  means  for  opening  and 
closing  said  fingers. 

2.  A  micro  gripper  according  to  Claim  1  ,  wherein  said 
opening/closing  means  has  thin  film  attached  to  said 
finger,  of  at  least  one  layer  with  different  thermal 
expansion  coefficients  from  the  material  of  said  fin- 

5  ger. 

3.  A  micro  gripper  according  to  Claim  1  ,  wherein  said 
opening/closing  drive  means  has  a  micro  coil  formed 
in  at  least  one  of  said  two  fingers. 

10 
4.  A  micro  gripper  according  to  Claim  1,  wherein  a 

metal  plate  is  provided  in  each  of  said  two  fingers. 

5.  A  micro  gripper  according  to  Claim  1,  wherein  a 
15  resistor  is  provided  in  at  least  one  of  said  two  fingers. 

6.  A  micro  gripper  according  to  Claim  1  ,  wherein  said 
fingers  are  so  arranged  that  a  concave  or  convex 
capture  hold  portion  for  capturing  a  gripped  object 

20  is  provided  in  at  least  one  of  said  two  fingers. 

7.  A  micro  gripper  according  to  Claim  1,  wherein  a 
probe  is  provided  at  a  distal  end  of  at  least  one  of 
said  two  fingers. 

25 
8.  A  micro  gripper  according  to  Claim  7,  wherein  said 

probe  comprises  an  insulator  and  a  conductor 
exposed  only  at  a  top  portion  of  said  insulator. 

30  9.  A  micro  gripper  according  to  Claim  8,  wherein  said 
insulator  is  silicon  oxide. 

10.  A  micro  gripper  according  to  Claim  8,  wherein  said 
conductor  is  a  metal. 

35 
1  1  .  A  micro  gripper  according  to  Claim  1  ,  wherein  a  ther- 

mocouple  is  provided  in  a  region  for  gripping  a 
gripped  object  in  at  least  one  of  said  two  fingers. 

40  12.  A  micro  gripper  according  to  Claim  1,  wherein  a  heat 
resistor  is  provided  for  heating  at  least  a  part  of  a 
region  for  gripping  a  gripped  object  in  at  least  one  of 
said  two  fingers. 

45  13.  A  micro  gripper  according  to  Claim  12,  wherein  a 
thermocouple  is  provided  in  a  portion  not  heated  by 
said  heat  resistor,  in  at  least  a  part  of  the  region  for 
gripping  the  gripped  object  in  at  least  one  of  said  two 
fingers. 

50 
14.  A  micro  gripper  according  to  Claim  13,  wherein  said 

heat  resistor  and  said  thermocouple  are  provided  in 
a  same  finger. 

55  15.  A  micro  gripper  according  to  Claim  12,  wherein  said 
finger  has  a  convex  or  concave  portion  as  the  region 
for  gripping  the  gripped  object  and  said  heat  resistor 
heats  said  convex  or  concave  portion. 

15 
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16.  A  micro  gripper  according  to  Claim  1,  wherein  at 
least  one  of  said  two  fingers  has  a  ladder  like  struc- 
ture. 

17.  A  micro  gripper  drive  apparatus  comprising:  s 
two  flexible  fingers; 
a  support  member  for  supporting  said  two  fin- 

gers  as  opposed  to  each  other  at  a  predetermined 
space; 

opening/closing  drive  means  for  opening  and  10 
closing  said  two  fingers; 

moving  means  for  moving  said  support  mem- 
ber; 

metal  plates  provided  in  each  of  said  two  fin- 
gers;  and  is 

detecting  means  for  detecting  a  capacitance 
between  said  metal  plates. 

a  support  member  for  supporting  said  two  fin- 
gers  as  opposed  to  each  other  at  a  predetermined 
space; 

opening/closing  drive  means  for  opening  and 
closing  said  two  fingers; 

moving  means  for  moving  said  support  mem- 
ber; 

an  input  device  for  controlling  the  movement 
of  said  fingers;  and 

a  microscope  for  observing  an  area  including 
at  least  distal  ends  of  said  fingers. 

18.  A  micro  gripper  drive  apparatus  according  to  Claim 
17,  wherein  drive  signal  controlling  means  is  pro-  20 
vided  for  changing  a  drive  signal  of  said  open- 
ing/closing  drive  means,  depending  upon  the 
capacitance  between  said  metal  plates. 

19.  A  micro  gripper  drive  apparatus  comprising:  25 
two  flexible  fingers; 
a  support  member  for  supporting  said  two  fin- 

gers  as  opposed  to  each  other  at  a  predetermined 
space; 

opening/closing  drive  means  for  opening  and  30 
closing  said  two  fingers; 

moving  means  for  moving  said  support  mem- 
ber; 

a  resistor  provided  in  at  least  one  of  said  two 
fingers;  and  35 

detecting  means  for  detecting  a  resistance  of 
said  resistor. 

20.  A  micro  gripper  drive  apparatus  according  to  Claim 
19,  wherein  drive  signal  controlling  means  is  pro-  40 
vided  for  changing  a  drive  signal  of  said  open- 
ing/closing  drive  means,  depending  upon  the 
resistance  of  said  resistor. 

21  .  A  micro  gripper  drive  apparatus  comprising:  45 
two  flexible  fingers; 
a  support  member  for  supporting  said  two  fin- 

gers  as  opposed  to  each  other  at  a  predetermined 
space;  and 

opening/closing  drive  means  for  opening  and  so 
closing  said  two  fingers, 

wherein  said  opening/closing  drive  means 
has  a  micro  coil  formed  in  at  least  one  of  said  two 
fingers,  and  magnetic  field  generating  means  for 
generating  a  magnetic  field  around  said  micro  coil  is  55 
provided. 

22.  A  microscope  system  comprising: 
two  flexible  fingers; 

16 
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